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Symbol. 

Unit. 

c 

Capacity .... 

1 farad = 10® microfarads 

1 cm. “1/(9 X 10®) microfarad 

K 

Specific in(iii(‘tive capa<‘ity 


A, a 

Area ..... 

1 square cm. 

a 

Acceleration .... 

1 cm. per sec. per sec. 

d, 1 

Distance, length 

1 cm. 

Q 

Quantity. .... 

1 coulomb ~ 3 X 10® I^.S.U. 

V 

Potential..... 

1 volt !/(;! X 102) K.s.U. 

Vfl, etc. 

Potential at A, etc. 


Va-V* 

Potential difference he!ween A 

and H 


I 

Current ..... 

1 ampere — 3 x 10® R.S.U. 

R 

Electromotive force 

1 volt - 1/(3 X 102) p:.s.U. 

R 

Resistance .... 

1 olun =- 1/(9 X 10”) K.S.U. 


Specific resistance 

ohms/cm* 

7T 

Ratio of cireiimfcrenee to 
diameter of cin ie — 

^Constant 


d 

} Attenuation 
lAngle 

Time, temperature 


t 


2 : 

Sum of. 


ir, ly, 2 , 

Unknown quantities, x and y 
corresponding to abscissjc and 
ordinates in the cartesian 
system of co-ordinates. 


f 

Base of naperian logarithms “ 
2.718,S 


0 

Angle ..... 

1 degree or 1 radian 

9 

Angle of phirsc difference 


r 

Radius vector in the |>olar system 



of co-ordinates 

1 cm. 

h 

Height ..... 

1 cm. 

H 
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PREFACE TO THE SEVENTH EDITION 


The aim of the “ Handbook of Technical Instruction for Wireless 
Telegraphists ” is to jirovide simple instruction, for sea-going 
operators and others, in the general principles and practice of 
marine wireless communication, illustrated by apparatus 
developed by British wireless companies. The handbook 
provides a eom])lete theoretical course for the P.M.G. certificate. 

The first edition by J. C. Hawkhead, published in 1913, dealt 
with the ojicration of the shij) and shore ydain spark transmitters 
and magnetic detector receivers used for 90 per cent, of the 
marine wireless traflic of that date. 

The second edition, jiublished in 1915, and those which followed 
during the succeeding 27 years for which the writer has been the 
responsible author, have covered a period of unexampled expan¬ 
sion in the theory and technique of the marine wireless art. 

This continuous exyiansion—which has frustrated every attempt 
by manufacturers to standardise equipment—shows no signs at 
present of apyiroaching (inality in any direction ; indeed the 
reverse is the ease, for there are indications that within a limited 
period many marine navigational problems which so far have 
baflled research, are likely to be solved by revolutionary wireless 
methods. 

An interesting task I’or the conscientious author therefore lies 
ahead ; meanwhile, many changes and improvements incorporated 
in current apparatus have been placed on record in this volume, 
so that as regards plant actually in service its information is the 
latest available. It may be remarked that, in general, the pre¬ 
sentation of the theory and practice of new developments with a 
sunicieney of mathematical treatment and line drawing to satisfy 
instructional needs, tends to increase in magnitude and complexity 
with each edition of this work and, of necessity, it is an ever- 
jircsent problem how best to maintain the standard and balance 
of the book. 

The writer records his pleasure that as an aid in this direction 
Mr. L. K. Q. Walker. A.Il.l^S., who was associated with him in 
th(‘ production of the Marconi Hcviexi\ and has rendered useful 
assistance in connection with the yieriodic revisions of the hand¬ 
book, now joins hiui as co-author of the seventh edition. 

In the present volume many examples of spark and valve 
transmitters, valve receivers; wav^emeters, auto-alarms and other 
apparatus now obsolete or obsolescent liave been repla(‘ed by 
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descriptions of current designs. Spark transmission is dealt with 
in one chapter in place of two. There is a new chapter on the 
important subject of valve and metal rectifiers, and the chapter 
on aerials and radiation has been recast and expanded to cover 
additional simple theory and more short wave practice. The 
elaborate equipment now installed for sound reproducing in a 
modern liner is fully described. 

The authors desire to make special acknowledgment to Dr. S. H. 
Long for much useful advice in the revision of the chapters 
dealing with Marconi apparatus, to Mr. II. L. Sargent for his aid 
in preparing Chapter 28, on Sound Reproducing, illustrated by 
apparatus of the British Wireless Marine Serv ice, and to Mr. W. E. 
Warren for his help in amending those sections of the work 
describing apparatus developed by Messrs. Siemens Bros. The 
book owes much of its general interest to the wealth of photographs, 
eircuit diagrams and other information placed at the dis])osal of 
the authors by Marconi’s Wireless Telegraph Co., Ltd., Siemens 
Brothers & Co., Ltd., the British Wireless Marine Service, and the 
Marconi Sounding Device Co., Ltd. For the kind assistance 
given by these organizations the authors express their warmest 
thanks. 

H. M. Dowsett. 


PREFACE TO THE EIGHTH EDITION 

Notes in the earlier chapters on the nature and behaviour of 
the electron and the atom, particularly with reference to insulators 
and conductors, and to chemical action have been amended to 
agree with modern ideas. 

The elementary theory of synchronous, induction and rejailsion 
motors in Chapter 15 has been extended, and more information is 
provided in Chapter 21 on the special subject of the use of vibrators 
/or the supply of power to receivers. 

The ban on the publication of particulars relating to a])paratus 
placed in service during the War ])criod continues, so that it is 
not yet possible to amend the handbook in this respect. 

H. M. bowsETT, 

July, 1945. L. E. Q. Walker. 
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CHAPTER I 

THE ELECTRIC CHARGE AND THE CONDENSER 
Frictional Electricity 

T he circumstances surrounding the discovery of Electricity 
have been lost in antiquity. It is certain, however, that in 
the sixth century B.C. the fact that a piece of amber, when rubbed 
with silk, acquired the power of attracting certain light bodies 
such as pieces of paper, feathers, straw, etc., was known to the 
Greeks. 

Other substances when rubbed together were found to be 
similarly affected. Such bodies were then said to be “ elec¬ 
trified ” or charged with electricity, the word electricity ” 
being derived from the Greek word electron,” meaning amber. 

Positive and Negative Charges 

If the rubbing substance (c.g. silk) and the rubbed substance 
{e.g, amber) are suspended from silk threads near to one another, 
they will attract each other, but if two pieces of rubbed amber are 
sus])cnded.in a similar manner they will repel each other as would 
two pieces of silk which had been used to rub the amber. Obviously 
if we accept the fact that the amber has been “ electrified ” in a 
certain way, in the light of the above experiments we must assume 
that the silk has been “ electrified ” in a different way. We say, 
quite arbitrarily, then, that on being rubbed the amber has 
acquired a “ negative ” charge of electricity and that the silk has 
acquired a “ positive ” charge. Moreover, since, before rubbing, 
we can assure ourselves that no electrification existed either in 
the amber or silk we may say that the positive charge acquired 
by the silk is equal to the negative charge acquired by the amber. 

Ultimate Particles of Matter 

The i)ro[)erty of electrification is possessed by matter even 
when its dimensions have been reduced to the physical limit. 

A substance may be mechanically divided into quite small 
particles, 100,000 or more per cubic inch, and yet each one of these 
|)articlcs may consist of many different materials, 
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By chemical means sub-division may be carried very much 
further, so that the different materials can be finally separated 
out. 

A substance which cannot be broken up by chemical means 
into different materials is called an “ element.” Thus copper, 
which cannot be split u]) into anythin^^ else but co])])er, is an 
element. Copper can, however, be chemically combined with 
other elements such as oxyj^en to form another material, eop])er- 
oxide, and the combination is then known as a “ compound.” 

The smallest (juantity of either element or com])ound which can 
have a stable independent existence is called a ” molecule." 

The smallest j)()rtion of an (‘lement which can take part in 
chemical action is called an atom.” Its physical dimensions 
are of the order 10'^ cms.. and it is in the constitution of the atom 
that we nmst look for the explanation of electrilic'ation. 

The atoms of all substances are built up of various combinations 
of three ty})es of bodies havin^^ different electrical states : - 

(1) The ‘‘ electron," a concentration of cner;^fy which may bi‘ 
considered for any purposes we shall re(juirc, to be of corpus¬ 
cular nature, and to |)rovide the natural unit of nc^^ative electric 
charge as it cannot be furtlua* sub-di\'idcd. Its char<^a‘ is 

X electrostatic units. |If two csjual ne^mtivt* 

char^^cs one eentimetre apart repel each other with a force of 
one dyne, each charge is said to be one electrostatic unit (E.S.IT.) 
in amount. I Its mass, due entirely to the eh'ctrical inertia of 
its char^^e, is 0*()() x lO’^^ < 4 rams ; its radius is calculated to 
be of the order 2 X 10'^*^ cms. 

(2) The ” |)roton,” bein;^ that part which remains when a 
sin^dc electron has been removed from a neutral atom of the 
lightest known element, Hydrogen, leaving a natural unit of 
])ositive electric charge equal to, but of oj)])osite sign to that 
of the eleetron ; its mass being ap|)roximately 1,850 times that 
of the eleetron. The positive charge of the atom of any clement 
is due to the protons it contains which have not been neutralised 
by electrons. 

(3) The neutron,” which is found in the nuclei of elements 
other than Hydrogen (iIF) ; it has no electric charge and it 
has a mass practically ecpjal to that of the proton. It is often 
represented by a proton bound intimately to an electron. 

With the exception of a few electrons at the periphery, the 
number varying with the element from 1 to 8, all the other (*om- 
ponents of the atom are concentrated in a very small space at its 
centre called the ‘‘ nucleus ” or within the nuclear area, and the 
charge on the atom is determined by the number of electrically 
uncompensated protons in the luiclcus relative to the number of 
the peripheral electrons. 
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An unelectrificd atom ])ossessos just as much nej^ative as 
positive charge. 

If electrons are detached the nuclear positive char^^e is no 
lonpfer balanced by the remainin<( electrons and the atom becomes 
|)ositively charged. If more electrons are made to ^^roiip with the 
atjom than the number associated with its uneleetrihed state, the 
atom becomes ne^^atively charged. 

Electrification by friction consists in the transfer of electrons 
from one of the substances rubbed, which thereby becomes positive 
denoted hy the si<xn (^-), to the other substance which becomes 
ne<j;ative denoted by the si<rn ( - ). 

'file phenomena associated with this ty])e of displacement or 
r(‘distrii)ution of “ static electrons have ^dven rise to that branch 
of electricity known as “ electrostatics.” 

The charge exercises an influence throughout the surrounding 
space, and this sphere of influence is called “ the electrostatic 
field.” 

In materials known as ‘‘ eonduetors,” electrons under certain 
conditions can be made to flow in well defined streams, and the 
phenomena associated with these streams or currents provide the 
l)asis for the branch of electrical science known as ‘‘ current 
eleetrieity.” 

Conductors and Insulators 

The electrical stability of the atom has its influence on th'^ 
el(‘etrieal behaviour of the moleeid(‘, and the molecules of a 
” conductor ” have atoms in which the force of attraction between 
the nuclear protons and the extra nuclear electrons is much 
weaker in some c*ases than in others, so that the a])])lieation of a 
small counter electric force releases the more loosely held electrons 
from atomic control, and gives them direction from molecule to 
molecule through the material. It is convenient to call such 
weakly held electrons free electrons." 

On the other hand ” insulators " or ” non-conductors ” have 
molecules the component atonis of which possess protons with a 
strong force of attraction for the extra nuclear eleetrons so that 
they are diflieult to release by the a))plication of an external 
electric force. Stimulation by friction, however, may cause such 
loss of electrons from one rubbing surface and gain by the other, 
the action being limited to atoms or molecules that come into 
rubbing contact ; the negative charge is thus separated from 
the j)ositive charge on one and ]>assed on to the other, the two 
bodies usually employed for this purpose being both non-con¬ 
ductors so that the charges remain on those parts of the surfaces 
which have been rubbed, and there is no leakage due to the bodies 
being handled. 

A non-conductor becomes an insulator when it is used to 
support a conductor in order to isolate a charge given to the 
conductor. 
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Unlike charges attract each other, and like charges repel. 
The portions of charge of similar sign on a conductor will there¬ 
fore also repel each other, and the charge will be distributed all 
over the surface of the conductor, and there will be no charge 
below the surface. 

In order that a conductor may show that it receives a charge 
when it is rubbed, it must be held by an insulating handle to 
prevent the charge disappearing, owing to an inflow or outflow 
of electrons from or to earth through the body of the experi¬ 
menter, which is also a conductor, as this would bring the con¬ 
ductor to the same electrical condition as the earth, the earth 
being the practical standard of neutral electrification. 

The Gold Leaf Electroscope 

The measurement of electrification or electric charge can be 
conveniently arranged by applying the two principles mentioned 
above. In fig. 1, a metal rod fitted in the head of a bell-jar 
supports at the bottom two strips of gold leaf. 

If a charged pith ball is made 
to touch the metal knob at the 
top of the rod, the charge con¬ 
veyed to the rod—wliich is in¬ 
sulated by the glass jar support 
—distributes itself all over the 
rod and over the gold leaves. 

As the charge on one of the 
gold leaves is of the same kind 
as the charge on the other, there 
will be mutual repulsion between 
them, and as the,leaves are very 
light, the charges are able to 
move the leaves apart. They 
diverge, and as they are pro¬ 
tected from air movements by 
the glass jar, the amount of their 
divergence can be shown to be a 
measure of the strength of the 
charge, and is accordingly used 
for this purpose. 

Electric Induction 

When a charged body is brought near an insulated conductor, 
the conductor becomes charged without direct contact with the 
charged body, due to the influence of this electrostatic field. 
It is then said to be charged by “ electric induction.” The 
two induced charges remain on the conductor, but they separate, 
the charge of unlike sign piling up on that part of the surface 
nearest to the exciting body, and the charge of like sign piling 
up on the surface furthest away from the exciting body. 

But both induced charges remain on the body, and when 
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the exciting charge is taken away from the conductor, or is dis¬ 
charged by allowing it to leak away to the earth, these two charges 
once more combine, and the conductor again becomes neutral. 

In order, therefore, to give a permanent charge by induction 
to a conductor, means must be provided for allowing the charge 
of the same sign as that on the exciting body to leak away to 
earth before the exciting body is removed, and the following 
routine must therefore be carried out. 

(a) The exciting body is brought near the insulated 
conductor, when the two charges on the conductor separate. 

(b) The conductor is then earthed, when the charge of 
the same sign as that on the exciting body leaks away. 

(c) The connection to the earth is then removed, when the 
charge of opposite sign to that of the exciting body flows all 
over the conductor. 

(d) The exciting body is now removed, when the insulated 
conductor will be found to have retained its charge. 

Now suppose the exciting body is also an insulated conductor, 
and it is not removed from the neighbourhood of the insulated 
eonductor in wliich it has induced an equal Bnd opposite charge, 
but is assembled with it to form a single unit, the plates being 
separated by an airspace. 

Dielectrics 

As the air in this space is an insulator, the positive charges 
on the one plate cannot jump across and unite with the negative 
eharges on the other plate, but these two groups of charges are 
straining to get to each other and the air in the intervening 
space, which is subjected to the electrostatic field associated 
with these charges, experiences the effect of an electric strain. 

Its function in this case, therefore, is something more than 
that of a simple insulator, it transmits electric force by induction, 
and therefore it is called a dielectric.” 

The Condenser 

The complete assembly of two conductors separated by a 
dielectric is called ” a condenser.” 

The dielectric is usually of very small, thickness, and the 
conductors present large surfaces to the dielectric. In place .of 
air, the dielectric may be glass or mica, or any gaseous, liquid, 
or solid non-conducting material. 

The conductors may be solid metal plates, or metal foil. If 
foil is. used with a solid dielectric, it is made to adhere to the 
dielectric, in which case the conducting surfaces are referred 
to as the “ coatings ” of the condenser. 

The Leyden Jar 

One of the earliest forms of condenser is the Leyden Jar. 
This consists of a flint glass jar coated for about one third of its 
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lieight on its inner and outer surfaces with tinfoil (fig. 2). The 
mouth of the jar is fitted with a wooden stopper, through whieli 
passes a eonducting rod, with chain or contact springs at its end, 
to make connection with the inner (!oating. The externnl end 
of tliis rod is usually fitted with a brass ball, or terminal. 

The condenser provides a means of storing u]> electrical energy, 
as when once charged, it will retain its charge so long as the 
insulation between the two coatings remains effective. 

To discharge the condenser, the two coatings must be brought 
into metallic contact, or they must both be connected to earth. 

Stored energy is potential energy, and the amount of potential 
electrical energy which can be given to a condenser depends 
primarily on the nature of the dicleetrie. 

That this must be so follows from what has already been said. 
The positive electrification is spread over the whole of the inside 
surface of one coating as evenly and as widely apart as the 
mutual repulsion of the individual positive charges can bring 

about, and there is no electrifi¬ 
cation within the thickness of 
the coating. 

Similarly, the negative electri¬ 
fication is s])rcad all over the 
inside surface of the other coat¬ 
ing, and there is no electrification 
in the thickness of this coating 
(‘it her. 

But the ehcctrostatic field as¬ 
sociated with each positive and 
negative charge extends from 
the positive charges on one face 
of the dichetrie through the 
thickness of the material to the 
negative charges on the other 
face, and this field tends to ]ndl 
the two groups of charges together 
so that the dielectric material is 
under electric strain. 

In fact, it is the dielectric which holds the charge. 

This can be demonstrated by employing a Leyden .far with 
removable coatings. If by means of insulated tools it is taken 
apart, and the dielectric is ])laeed temporarily on a sheet of 
glass or other insulating material, the two coatings can be shown 
by a pith ball test to possess little or no charge. The coatings 
can also be brought in contact, when, should there be any minute 
charge on them, it would be neutrali/ed. 

On carefully reasseird^ling the condenser, once more employing 
insulated tools for this pur|)ose, and on again testing for electric 
charge b}^ pith ball, or better still, by gold leaf ch'ctroscope, the 
condenser will be Ibund to have retained practically the same 
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amount of cliargc as before, the differenec being clue to losses 
through leakage whicli arc unavoidable in carrying out such a test. 

The charge, therefore, resides in the dielectric, to which it 
is anchored by the electrostatic field, and on the coatings whereon 
it is free to move, the coatings liaving the function of conveying 
the charge to the dielectric, and on* discharge, of collecting jt 
again from tlie dielectric. 

Relation between Quantity, Capacity and Voltage 

As the condenser is a storage vessel, it has similar properties 
to other storage vessels, sucli as that y)ossessed by a tank for the 
storage of water. The tank storage, for instance, at any par¬ 
ticular moment, is a specific cpiantity which may be denoted by 
the symbol Q. and the (piantity in this case is measured in 
gallons. This (juantity can also l)e expressed as the product of 
two factors : 

(a) The capacity of the tank per unit head of water, 
that is ])er foot of depth, which we can indicate by the 
symbol C, and 

{h) The head of water in the tank in feet, which can be 
indicated i)y the symbol V. 


Tlicre is also a certain limiting (piantity Q, having a head V, 
which if exceeded resulLs in the tank overflowing. 


It will be noted that the term C remains constant, and that 
the (]uantity varies with the head. 

In a similar way an electric condenser, such as a Leyden Jar, 
can be given a certain (piantity, or charge of electricity Q, 
measuredin “ coulombs,” and this (piantity can be found from 
the product of the two factors : 

(a) The capacity C of the condenser in “ farads,” this 
being the quantity of electricity recpiired to raise the elec¬ 
trical head, level, or potential of the condenser by one 
practical unit, and 

{b) The difference of electrical level, V, called the Potential 
Difference of the two coatings of the condenser, the unit 
being the “ volt.” 


Condensers are usually rated to work at a certain voltage which 
it is not safe to exceed, as to do so Avould involve the risk of the 
charge spilling over, a spark occurring for instance from the 
terminal of tlic Leyden Jar to the outer coating, or the con¬ 
denser breaking-down,” by means of a sjiark puncturing the 
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glass. If this working voltage is V,, the safe charge Qj for the 
condenser is : 

Qt - C X V,. 

Specific Inductive Capacity 

It has been shown thah the charge in the condenser resides 
in the material of the dielectric as a field of electrostatic strain 
linking the two oppositely charged surfaces. 

The capacity of the condenser therefore depends entirely on 
the dielectric, in the first place on its dimensions, and in the 
second place on the character of the material, for it is reasonable 
to expect that a material such as air interposed between two 
oppositely charged conductors would have a different effect 
on the electrostatic field stretching between these two conductors 
than would a sheet of glass, for instance, and this is actually 
found to be the case. 

For the same difference of electrical level, V, between the 
two conductors, the intensity of the electrostatic field through 
the glass is much greater than through air, and the condenser 
with glass dielectric holds a greater charge and therefore has 
a larger capacity than the condenser with air dielectric. In 
order to compare different materials in this respect, air is taken 
as the standard, and if we have two condensers of similar dimen¬ 
sions, but one has an air dielectric while the other has a dielectric 
of some other substance, then the ratio of the capacity of this 
last condenser to that of the air condenser gives a figure of 
comparison between air and the substance which is called the 
“ specific inductive capacity ” of the substance, or its 
“ dielectric constant.” ' Thus, if glass is stated to have a specific 
inductive capacity, or dielectric constant of six, we understand 
therefrom that the capacity of a condenser in which glass is 
used to separate the two plates is six times that of a condenser 
having plates of the same area and the same distance between 
them, but employing air as the separator. 

A table of specific inductive capacities for various materials 
is given below: 

Air 1.000 

Ebonite 2.7 to 2.9 

Flint glass 7 to 10 

Mica 5.7 to 7 

Dielectric Strength 

There is another important property possessed by materials 
used as dielectrics in condensers and as insulators, that of “ di¬ 
electric strength ” or the ability to resist breakdown under electric 
stress. It is influenced considerably by the length of time the 
stress is applied, by the character of the electric field as deter¬ 
mined by the shape of the conductors by means of which the 
charge is applied, and other factors which will be discussed more 
fully in a later chapter. 


Paraffin wax 2 to 2.3 

Porcelain 4.4 to 0.8 

Quartz 4.5 

Paraffin oil 4.0 to 4.8 
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CHAPTER II 

CONDENSERS FOR WIRELESS CIRCUITS 
Capacity of a Conductor 

A system of two conductors to wliicli different ehar^^es are 
imparted is known, as we have seen, as a condenser. One 
of the conductors may he replaced by tlie earth. Associated with 
such a system a delinite (piantity of elcctrieity, Q, will be acquired 
when tlK‘ yoltai^e imj)artin<r the charges is As has been 

])ointed out Q is proportional to V and the constant of propor¬ 
tionality C, if we wTite Q ^ CV, is known as the capacity of the 
condenser. 

Spring Analogy of a Condenser 

One way of explaining the action of a condenser is to compare 
it to a spring, as the equation 
which shows the relation be¬ 
tween the electrical displacement 
and the electric force causing it in 
the one case is similar to the 
equation which shows the re¬ 
lation between the mechanical 
displacement and the mechanical 
force applied in the other. 

Fig. 3 shows a spring carrying 
a pan at its lower end, attaehed 
to a horizontal beam at its upper 
end. If a weight of one pound 
be placed in the pan, the spring 
will stretch through a distance 
which we will call Y. It is found 
that this distance is exactly proportional to the force applied, 
that is to say, if two pounds are placed in the pan, the spring 
stretches twice the distance that it does with one pound. Y 
is called the yield constant of the spring. 

Now this yield constant, or the compliance of the spring per unit 
load, is comparable to the capacity C of a condenser, which is the 
strain imposed on the dielectric per unit of electric force applied, 
the mechanical force F corresponds to the electric force V, and 
the linear displacement of the spring S is equivalent to the total 
electric displacement in the dielectric of the condenser, Q; and 
the equation S=Y xF has the same form as that for the charge 
in a condenser, namely Q= C X V. 
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Fig. 3. Sprinj^ Analogy of a Condenser. 
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Capacity of a Plate Condenser 

When the distance between the two plates of a condenser is 
very small compared with the linear dimensions of the plates, 
its capacity can be calculated from the formula 

^ ^ A X K 

4 > TT d 

where C = capacity in cms. 

A = area of plate in sq. cms. 

K == dielectric constant. 
d = distance between the plates in cms. 

The capacity in this case is mucli too small to be stated in practical 
units, that is in farads, or even in microfarads, and smaller units 
based on the electrostatic system of measurement are therefore 
employed. 

To reduce electrostatic units to practical units, the capacity 
in centimetres is divided by 900,000, which then gives the value 
in microfarads. 

When the distance between the plates is not vx*ry small com¬ 
pared with the other linear dimensions, the electrostatic field 
from the edges of the plates increases the capacity above that 
given by the formula. 

In the case of ai\ air condenser K—1, as the dielectric constant 
of air is taken as standard. 

Condensers Arranged in Parallel 

A larger ea|)aeity than that given by one eond(‘nser may b(' 
required. Then s(‘veral such condensers may b(‘ (‘m])loyed con¬ 
nected in parallel. All the metallic coatings or metal ])latcs on 
one face of each dieleetrie arc joined tog(‘thcr by conductors and 
so are the coatings or plates on the <^th(‘r face*. 

Then if C\, Cj, Fg, and ('4, are the individual capacities of the 
condensers and F is the resultant capacity, 

C C , I Fo I F3 F4. 

If the thickness of the dieleetrie is the same in each ease, adding 
condensers in j)a7’allel is ((juivalent to inen'asing the ai*ea of the 
])lat(‘ surface without altering tlu* thiekn(‘ss of tlu* dieh'etrie. 

Condensers Arranged in Series 

A smaller capacity than that given by oiu' eondcns(‘r ol‘ particMi- 
lar ty})e may often be recpiirtal. TIhmi several such condensers 
may be employed connected in sc ries, or what is sonugimes called 
“ in cascade.” This is earri(*d out as illustrated in lig. t, where 
neighbouring metal plates or coatings are joined together by 
eonduetors. All tin* (*ondens<*rs except one; at the end have* botli 
their nudal plates insulated, the end condenser having its outca* 
])late eonneeted to earth. 

If the areas of all the condenser |)la.tes ar(‘ the sfime, (;onn(‘eting 
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tlu‘ condciiscTS in s(‘ri(‘s is (M[uivalriit to addin^^ tlu^ thi(;kn(;ss of 
the di(‘lc‘ctrics withoul nllerinif (Ik* plate area, and the ea])aeitv 
is reduced in proportion. 

The L)tal eapaeity of the s(‘paratc‘ eapa.eitics in s(‘ri(‘s is thcai 
found troni the reeij^roeal rule 

1 1 1 
C ~ C, C2 C3 C4 

This e(piatioii may be ])roved as follows : Supj)ose a ehar^^e Q 
])e i^ivcai to th(‘ outer insulated plate* of the l(‘ft hand eondenser 
ifi li^^ t. This ehar«fe Q attracts or indue(*s a m;<fative charge, 
which can lx* written (^, on to the imu'r ])late of this tirst 
eondens(‘r and r(‘|)e‘ls a ehar^^u; j Q to the l(‘ft hand plate of the 
second condense*!-, and so on thre)uirhe)ut the system. Thus the 
ehar^^a* l)e'ee)mes eepially distribute e! thre)Ui^he)ut all the e*onelensers. 

Let the* pote*nlial ol‘ the* e)utrr plate* e)f the* lirst eondenser be 
V|. anel the* j)e)teutials e)f the* suee*e*ssi\'e‘ e*orrespondinLj ])lates of 
the other e*onele*nse*rs be* \'o. Vj . . and let the ea|)aeities 

e)f the r(‘s|)e‘e‘tive* e*onele*nse‘rs be* C’j. C’o. ('3. ('4. . . . (\i. 



If Q is the number of coulombs displaced through a condenser 
when the pe)tential elifference between the plates is one volt, we 
shall have V times that elisplacement when V ve^lts are a])plicd. 

Therefore the e]uantity in coulombs is equal to the product 
e)f the cjipaeity anel the ve)ltage te) which the eonelenser has been 
raiseel by a charge, or 

Q - CV. 

From this eepialie)!! we obtain a series of similar equations in 
conneetion with the cascaele arrangement. 

The pe)tential e)f the first jar is eepial to tl\e elifference of potential 
between its inner coating and the inner coating of the second jar, 
because the latter is eonneetcel to the outer coating of the first. 

Thereof ore, because 

Q - (V, - V2) 

{V, - V,) = 
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and in a similar way 

(V, - v.) = I 

(V„ - O) 


the latter potential being obtained because the potential of the 
outer jar is zero, as it is earth connected. 

The sum of all the right-hand sides of these equations is e([ual 
to the sum of ^\\ the left-hand sides. Adding them all together, 
then, we get 


_ Q + Q.Q , Q. Q 

C, Ca C 3 C,C, .C, 


or = + .J,) 

But if C be the total capacity of the system 

v' - Q 

‘ '■ c 

Substituting the value of Vj in the last equation we get 

Q = Q/1 +1 +1 + 1.M 

c ^,c, Cj C3 Cj C,J 

Dividing each side by Q we finally get 

1 ^ 1 + I + 1 + 1.1 

C C, ^ C, C3 ^ C4 Cn 

which it was desired to prove. 


Types of Condenser 

It is often required to obtain a compact form of condciiscr, and 
this is obtained : 

1. By using a design which is equivalent to employing 
a number of condensers in parallel. 

2. By employing where circumstances allow, a material 
as dielectric which has a high dielectric constant. 

The standard form of small air condenser is an example of 
the first type. 

It is made up of a number of interleaving vanes which are 
arranged in two groups, a terminal being provided for each group 
(%. 5). 

Each neighbouring pair of vanes with the air between them 
forms a small condenser, and the total capacity is proportional 
to ths number of pairs of vanes. 

The standard form of mica condenser is an example of the 
second type. As indicated in fig. 6 sheets of mica take the place 
of air between the metal plates. In practice the plates, or foils, 
make as close contact as possible with the mica, and arrangement 
are often made to exclude air altogether. 

Two practical forms of mica condensers are illustrated in fig. 7. 
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Ill the condenser on tlie right the copper foil plates are separated 
by thin plates of mica and are clamped between two metal plates 
by means of screws. The plate and dielectric system is dipped in 



Fin. 5. Fixed Air Condenser {(lia^rainnuit ic). 



Fro. 0. Miea Condenser (diagrammatic). 


molten wax before mounting to exclude moisture and dirt. In 
the left-hand type the condenser elements and mica plates are 
held together by a spring steel clip, and are mounted in an ebonite 
container, the interior of wliieli is filled with wax and further 
protected by a screwed on cover. 

The Telephone Condenser 

This has sheets of tinfoil as conductors, the alternate sheets 
being separated from each other by a mica dielectric. The 
condenser is divided into three parts, varying amounts being 
placed in the circuit by means of brass plugs and sockets. A 
sketch of the connections is shown in fig. S. 

Five brass blocks are disposed on the ebonite top of a teak 
box as shown. Three condenser groups of .055, .11 and .22 



Fio, 7. Murconi Clampel Mu a i oiuU'iisrr.N. 

microfarads respectively, are fixed in paraffin wax in the wooden 
box. One side of each group is connected to the block A, the 
other sides being connected respectively to blocks marked 50, 
r> 
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100 , and 200 (Jars*) respectively. Three brass plugs 
are provided, by means of which any separate condenser, or 
combination of condensers, may be joined across the terminals, 
by plugging on to block B. Seven different values are thus 
obtainable. The capacity is large in comparison with the 



Fig. 8. Telephone Condenser Tlii^ Board. 



Fid. D. Variable Air (\)ndenser 
(di;ij»raniinatic*). 


outside dimensions of the instrument, because, as it has to stand 
only low pressures, the distance between the conductors or the 
thickness of the dielectric need only be small, thus allowing for 
the placing of a large number of sheets providing a large area in 
a small space. In old ship receiving installations, this condenser 
was connected across the two telephone terminals. 

Variable Air Condenser 

The last example illustrated a method of varying the capacity 
of a condenser by plugging in different sections. This method 

has its advantages, but it is an 
adjustment by steps, it does not 
provide a continuous adjustment 
over the whole range of capacity ob- 
tainabic which is often called for. 

The variable disc air condenser 
does this. It possesses two sets of 
semicircular vanes, one set fixed, the 
other rotatable on a spindle. In the 
position (a) fig. 9, when they do not 
interleave, the capacity between the 
fixed vanes F, and the moving vanes 
M is a minimum. When the con¬ 
denser is charged, a stray field does 
exist between the two groups of 
vanes, but it is very small. 

Fir;. 10. Marconiphoiio Variable Air In the positioil (/^) the ^ moving 
Condr'Mser. vaiics are ill the position which gives 

maximum capacity. 

A variable air condenser manufactured by the Marconiphone 
Company is illustrated in fig. 10. This condenser possesses many 

* 1 .liir not.— microfarads, 
li 
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points in design which are typical of high-class condenser 
construction. 

The condenser has a maximum capacity value of .0005 mfd. 
and a minimum value of approximately .00005 mfd. The end 
supports for the vanes are made of pressed Bakelite, the vanes 
and the spacing washers, etc., are made from brass, and the two 
turning dials from ebonite. The spacing of the vanes is 
approximately .0.1 inch. 

Contact is made to the rotor by means of two gold wires which 
rub on a groove cut in the rotor spindle. The wires are kept at 
constant tension with the shaft by means of a spring which pulls 
their ends together. The ends of the wires are taken to a solder¬ 
ing tab from which the connejtion from the rotor is taken. The 
bottom end of the rotor shaft is supported by a cone-ended 
screw which can be tightened to prevent any play in the shaft. 
The top end of the rotor shaft is mounted in a bearing which can 
be adjusted to give the correct spacing between the rotor vanes 
and the stator vanes. The main condenser consists of nine moving 
vanes and ten fixed vanes. In addition to this there is a sub¬ 
sidiary condenser consisting of one fixed and one movable vane 
which acts as a vernier condenser of fine adjustment to the main 
condenser. The rotor of this vernier condenser is actuated by 
means of a shaft running down the centre of the main condenser 
rotor shaft, and ending in the small turning knob shown at the 
top of the main turning dial. 

In the most simple type of variable condenser, the rotor and 
stator vanes are semicircular in shape. This means that the 
capacity of the condenser varies directly as the dial reading. 

In some cases, however, this relation is not convenient, and 
other shapes of rotor vanes are made to give different relations. 
Thus for some purposes the vanes are made in such a shape that 
the capacity varies as the square of the dial reading, etc. 

High Voltage Condensers 

When a condenser is required to be charged to a higli potential, 
the insulating property of its dielectric, or its dielectric strength 
must be considered. 

A piece of glass placed in the electrostatic field extending in 
air between two conductors, causes the lines of force to concentrate 
as they pass through the glass, the intensity of the field in the 
air to that in the glass being in proportion to the dielectric con¬ 
stants of the two materials. Although glass in this way appears to 
offer an easier ))ath for the electrostatic field it does not follow that 
the glass will break down easier under the electrostatic strain, 
in fact, it is the direct opposite; less voltage is required to break 
down a given thickness of air than an equal thickness of glass, 
and glass is therefore a better insulator than air, and more suitable 
in this respect for a high voltage condenser. 
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Mica again, is still more suitable than glass. The dielectric 
strength of various substances are given in the table below ; 


TABLE OF APPROXIMATE DIELECTRIC STRENGTHS. 


SUBSTANCi:. 


Air. 

Celluloid . . 
Ebonite .... 
Rubber .... 

Mica. 

Porcelain . . 
ParafTin wav 
Shellac. 


Diklkctiiic SraKNGTii. 
(V. per m.m.) 

4,800 

22,500 

35,000 

10,000 to 25,000 
17,000 „ 28,000 
16,350 
8,100 
10,000 


Power Condensers 

It may be required to subject a condenser to periodic high 
voltage charge and discharge many times per second, when, in 
addition to the strain imposed on the dielectric by the high 



Fig. 11. Murconi r(n\<*r Fondcn.srr Arrangenient of IMatos. 

potential, there is a strain due to the number of reversals of 
charge per second which generates heat. The heat is said to 
be due to the dielectric hysteresis of the dielectric material. 
A condenser working under such conditions is called a power 
condenser, and it must be designed not only to resist the dis¬ 
ruptive effect of the high voltage applied to it, but also the 
tendency to break down as a result of the heat generated in it 
under working conditions. 

If a large capacity is requircil to work at high voltage, the 
condenser will take up considerable space. The type employed in 
old Marconi spark installations was assembled in a h^ad-lined teak 
container, the plates being zinc and the di(‘leetrie best Hint glass 
as shown in hg. 11. 
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The coiulcnser was split into two separate banks, each bank 
bein^^ packed on the sides with ])arallined, or oiled, white wood in 
a zinc cradle to facilitate its removal for purposes of repair or 
adjustment. 

The two parts of the condenser could be })laced either in parallel 
or series by means of brass connecting strips. Since each half was 
exactly similar to the other, the capaeity of the ])arallel arrange¬ 
ment was four times that of the series arrangement, beeause for 
parallel capaeities : 

C - C, + C, - 2C, 

and for series capacities : 


1 

C 



1 



C, 

2 


The ea])aeity ot each half was about .0325 microfarad, so that 
the caj)acity of the series arrangement was .0103 microfarad and 
that of the parallel arrangement .005 microfarad. 

The glass ])lates were ^'^th of an inch thick, and each plate was 
se})arately tested to stand a maximum voltage of at least 27,000 
\'olts. The condenser tank was filled with liigh-llash insulating 
oil which ])revented brushing at the edges of the plates, and by 
conveying som(‘ of the heat away from the glass, lowered its 
temperature and therefore reduced the risk of breakdown. 

Modern power condensers of all makes use either high grade 
Indian ruby mica, pure oik or air as the dielectric. When mica 
is used the condenser is assembled under pressure in metal con¬ 
tainers from which all the air has been rigorously excluded. 
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CHAPTER III 

DIRECT CURRENT AND OHM’S LAW 
Static and Dynamic Electricity 

S O far we have considered the effect of an electric cliar^e 
which is held in position on a conductor, or in a condenser, 
and is therefore in the “ static ” state ; but when the charge is 
in movement, when it is in the act of charging the condenser, 
or the condenser is discharging, or the charge is made to How 
along a conductor, an entirely different set of phenomena then 
make their appearance. A continuous passage of such charges 
along a conductor constitutes an “ electric current,” and this 
is the form in which electricity is employed for ordinary land 
telegraph purposes. 

Electric Circuit 

“ Continuous current ” or “ direct current ” is current elec¬ 
tricity in its most simple state. It recpiires a complete 
conducting path leading from and returning to the source of 
electrical energy before the current can flow, and all the charges 
in solid conductors move continuously in the same direction. 
If a lujuid conductor forms part of this path, there are move¬ 
ments of positive charges in the liquid in one direction, and 
movements of negative charges in the licpiid in the other direc¬ 
tion, as will be explained later, but in solids the only charges 
which can move are electrons, and these are all negative. 

The complete path taken by the current is called the “ circuit.” 

Electric Quantity, Electric Current, and Potential Difference 

When we have to deal with moving charges their rate of 
movement becomes a matter of consecpience, that is, the quantity 
of electricity which moves past a given point in a standard time. 
A quantity of one coulomb passing in one second constitutes 
one “ ampere,” and the ampere has been made the practical unit 
of current. 

Before a current can flow in a closed circuit a difference of 
electrical level or “ potential difference,” indicated by the con¬ 
traction “ P.D.” must exist, and this is measured in “ volts.” 
The difference of potential gives rise to a current which flows 
through the circuit in order to equalize the potential at all points, 
and the force which drives the current is called the “ electro¬ 
motive force ” of the circuit or the “ E.M.F.” Its value is given 
by the algebraic sum of all the potential differences in the circuit 
and it is therefore measured in volts. 
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Resistance 

The rate of flow of a stream of water is proportional to the 
difference of level of the source and the bed of the stream, but 
it is lessened the more the flow is restricted by the presence of 
boulders and winding channels which wear down the current by 
interposing frictional resistance. 

In a similar manner the direct current in an electrical circuit 
depends in the first place on the E.M.P\, and in the second place 
inversely on the electrical “ resistance ” which absorbs energy 
from the circuit and dissipates it in the form of heat. 

The unit of electrical resistance is the “ ohm,” and is that 
resistance which will allow a current of one ampere to flow through 
it when a potential difference of one volt is established between 
the beginning and end of the resistance. 

If a suitable machine is employed, the frictional method can 
be used for generating a continuous current, but it is cumber¬ 
some and it is not suitable for low voltage low resistance circuits. 
A more simple method of E.M.F. generation will now be described. 

A “ direct current ” requires : 

1. A difference of potential between two points on a 
conductor, one of th(‘ points being always above the potential 
of the other, although the difference between them may not 
be constant. 

2. A closed or re-entrant circuit, every part of which 
conducts although the conductivity from section to section 
may vary in degree and in character. 

The Voltaic Cell 

The simplest way to produce a difference of potential by an 
E.M.F. which is large enough to be easily tlctected is by 
chemical action in what is known 
as a “ voltaic cell.” 

In its primitive form this cell 
consists of two plates of different 
metals immersed in acidulated 
water. 

Thus, in fig. 12, A and R are 
plates of zinc and copper re¬ 
spectively, placed in the vessel, 

C, which contains water to 
which a little sulphuric acid 
has been added. 

A copper wire, FF—copper 
being a good conductor—con¬ 
nects the tops of the plates together through an instrument, E, 
which is inserted in the circuit for the purpose of detecting the 
passage of a current. D is a key by means of which the circuit 
can be opened or closed. On pressing D, the indicator shows 
that a current flows through the circuit, and the action then 
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observed in the cell itself is that bubbles of gas are given off at 
the copper plate, and the zinc plate is gradually eaten away. 

What actually happens in the cell itself will be explained in 
a later chapter ; it is suHicient for the present to state that 
chemical action is always associated with the setting free of 
electric charges from the molecules of the liquid, and as the 
chemical action is much more violent with the zinc than with 
the copper, more cliarges are set free at tlie zinc than at the 
copper. A difference of electrical level or difference of 
potential is established between the two metals, and if the 
plates are connected by a conductor outside the liquid, a flow 
of electricity will take place through the conductor, tending to 
equalize their potentials. 

Hydraulic Analogy of Electric Circuit 

A hydraulic analogy is illustrated in lig. 13. In this case a 
jar, J, containing water is connected by means of a rubber tube, 

T, to the glass tube, G. When the 
level of the water in the jar and in 
the tube is the same no water 
passes from the jar to the tube. 

If, however, the jar J, is 
raised to a higher level, water 
Hows through the rubber tube 
into the glass tube, G. 

Tlic action in the electrical 
circuit is very similar. If the 
plates, A and B, in the vessel, 
(’ (lig. 1‘2), arc botli ol* the same 
metal, wlicthcr zinc or copper, they will ha\ th(‘ same electrical 
level or [)otcntial and there will be no passage of el(‘etrieity when 
the key at I) is |tressed ; but if one j)latc of (‘ach metal is used, 
the plates will ha\'c dilT(“reut electrical Ie\ (‘Is or potentials, and a 
passage of electricity is at on(r(‘ indi<‘at(*d. 

The pot(‘ntial dilTerence or el(‘etrieal pressuic* })(‘tw’(‘eii the 
two ])latcs c()rres|)()nds to the dilT(Tenc(‘ of watc'r pr(‘ssur(‘ in 
the two containers, J and (i, dwv to their diffcia nei* of level. 

As the rui)bertube offers a path for tlu‘ passage of th(‘water, so 
th(‘ cop|)cr ware affords a path for tin* passag(‘ ofeleetrieity, and a 
sto])(*ock inserted in the rubb(‘r tubing would p(‘rform a similar 
function to that |)erformcd by the key in tlie (‘I(‘ctrieal circuit. 

The less ncgati\'(‘ of the twa) metals in th(‘ cell, that is the 
cop[)er, is called the positive, and the part oi‘ the copper ])latc 
outside the li<juid is called the })ositi\(‘ pole of the cill, the 
negative ])()le being the; eorresp(»nding part of tlu* zinc plate. 
When the two poU^s of the cell are conn(‘eted by a conductor 
such as a copper win*, tlie el(‘etrons on the zinc ])late in excess 
of those on the eo])[)er plate* (low through tiu* wire* from the 
zinc to the copper, and so constitute an electric current. 

20 



Fio. 13. Hydraulic Analogy of Electric 
(drenit. 





FOR WIRELESS TELEGRAPHISTS 


This current will continue as long as chemical action in the 
liquid continues, and as long as there are more electrons set free 
at the zinc plate than at the copper plate the current will always 
be in the same direction. It is uni-directional current of this 
character which is called “ continuous current ’’ or “ direct 
current,” and is indicated by the contraction “ D.C.” 

We can link up the qonception 
of a current flow with the release 
of a charge given to a condenser 
by the aid of the following 
analogy. 

Hydraulic Analogy of Electric 
Condenser 

Fig. 14 shows a water circuit, 
in which A is some form of 
rotary pump, R is a chamber in 
the ( ircuit, and CD is an elastic 
])artition which is so fixed across 
the chamber as to prevent the 
passage of water from one side to the other. 

If a force be applied l)y means of the pump, the elastic parti¬ 
tion will stretch and there will be a displacement of water through 
the circuit, w'lii(4i depends on the amount of compliance in the 
partition under the applied pressure. If the pressure be suffi¬ 
ciently increased, the ])artition will break down and the water 
will then circulate uninterruptedly. It is readily seen that the 
strength of the partition, e(]uivalent to dielectric strength, 
depends on the material and on its thickness, and the amount 
of displacement equivalent to electric charge, depends on the 
material and on its area. 



In fig. 15 an electrical circuit is shown in which a condenser, 
C, consisting of two metal plates separated from each other by 
means of a sheet of glass, is con¬ 
nected through a current indi¬ 
cator I, to a source of current, B, 
which may be applied or cut off 
by means of a key, K. Before 
the circuit is closed, the indi¬ 
cator needle shows no deflection. 

On closing the circuit, however, 
a kick of the needle indicates the 
passage of a quantity of elec¬ 
tricity, which it has been stated 
depends on the pressure applied and on the capacity of the con¬ 
denser, which latter in turn depends on its area, dielectric 
constant, and the distance between the two plates. 

If the pressure is increased beyond a certain point the dielec¬ 
tric will be pierced by a spark, and the condenser will break 



Fu). !-■). 


Cuiulenser Circuit and Hydraulic 
.-Vnalogy. 
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down and a current will flow. The dielectric thus corresponds 
to the elastic partition in the water circuit. Again, if the circuit 
be made and then broken, at the same time affording a circuit 
for a condenser discharge through the wire, W, shown in the 
diagram, the indicator needle gives another kick, because a 
reverse current due to the difference of potential between the 
two plates now takes place through the circuit. In the case of 
the water circuit, if the force applied to the clastic partition 
ceases to act, the energy stored up in the stretched elastic forces 
a (low of water in the opposite direction to the original displace¬ 
ment, and equal to it in quantity, and thus the analogy to a 
condenser is complete. 

Relation between Current, Potential Difference, and Resistance 

Now that we have seen how electricity may be set in motion 
it becomes necessary to examine the conditions which decide 
its utility from a practical point of view. 

That is to say, we must study the relationships which exist 
betw'een Current, Potential Difference, and Resistance, and 
the application of the units by which these dimensions arc 
measured. 

A reference to fig. 13, will help us to understand these relation¬ 
ships. The higher the jar J is raised with respect to the tube 
G, the greater will be the amount of water transferred to the 
latter in a given time, as the pressure which causes the water to 
flow is determined by the difference of level. 

If now the rubber tube T be removed, and another one of 
much smaller diameter be sidistituted, a less volume of water 
would pass through it in a given time than would pass through 
the original tube. If this tube were then filled with sand an 
even smaller quantity of water would pass in the same time. 
It is thus seen that the dimensions of the path through which 
the water flows and the obstruction encountered affect the volume 
of the water which passes in a given time. 

If we turn to the electrical circuit shown in fig. 12, we fuul a 
similar state of affairs. The instrument E is capable of giving 
us an idea of the amount of electricity flowing in the circuit, a 
large deflection of the needle indicating the passage of a greater 
quantity than that indicated by a small deflection. 

We find by experiment that if the wires FF are replaced by 
extremely fine wires of the same material, a much smaller de¬ 
flection of the needle results. The quality in virtue of which 
the wire effects the passage of electricity is known as its resistance, 
and wc find that under steady current conditions the amount of 
current varies inversely as this resistance. 

We understand by this that if the resistance be doubled, the 
current will be halved, or that if the resistance be halved, the 
current will be doubled. 

Again, if by some means we can increase the difference of 
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potential between A and B, we find the current is increased in 
direct ratio, which is to say, that when the difference of potential 
is doubled, the current becomes doubled, and if the difference 
of potential is halved, the current becomes halved. 

Ohm’s Law 

From these two relationships a law known as “ Ohm’s Law ” 
—named after a distinguished German physicist—has been 
formulated, viz. : 

The Current is equal to Electrical Pressure divided by 
Resistance. If the letter I be used to represent current, E to 
represent pressure or electro-motive force, and R to represent 
resistance, this law can be written thus : 



Now the ampere is the praetieal unit of eurrent, the volt is the 
practieal unit of E.M.F., and the ohm is the practical unit of 
resistance. Therefore, in any eireuit where two of these quanti¬ 
ties are known, it is easy to calculate the third. The relationship 
existing between these units may be expressed as follows : 

In a circuit of one ohm resistance, a pressure of one volt 
will force a current through the circuit of one ampere. 

Relation of Resistance to Physical Properties of Conductors 

Now the resistance of any conductor depends on its size and 
on the particular material of which it is made. 

Just as the internal diameter of a water-pipe determines its 
capacity for conducting a flow of water, so the cross-sectional 
area of a conducting wire determines its resistance to the passage 
of a current of electricity. That is tp say, the thicker the wire, 
the less will be its resistance. A wire of a certain cross-sectional 
area will have half the resistance of a wire of half this area. 

Just as greater force is required to send water through a long 
pipe than is required to send it through a shorter one, so greater 
j)ressure is required to send electricity through a long conductor 
than through a short one. A wire three miles long has three 
times the resistance of a similar wire only one mile in length. 

Again, if two wires arc taken of the same length and cross- 
sectional area but of different materials', they are found to have 
a different resistance. The resistance of a unit centimetre cube 
of any material is called its “ specific resistance.” 

We can sum up the above observations as follows ; 

1 . Resistance is inversely proportional to cross-sectional 
area. 

2 . Resistance is directly proportional to length. 

3. Resistance is directly proportional to the specific 
resistance. 
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Therefore resistance equals specific resistance multiplied by 
lenfijth divided by cross-sectional area, or, where R represents 
resistance, I represents length, a represents cross-sectional area, 
and f) represents specific resistance. 

11 = X ^ 

a 

As wires have a circular cross-sectional area, and the diameter 
may be known but not the area, the formula for the calculation 
of the area of a circle may be given : 

. 71 X diameter* v. r « 

Area = — .7851- X diameter* 

4 

where tt is tlie ratio between the circumference and diameter of 
a circle, and is equal to 8.1416. 

Combination of Resistances 

If a current passes through several resistanees in succession, 
as in fig. 16, the resistances are said to be joined in “ series.” 

If the current divides through 
several resistances and the dif¬ 
ferent portions reunite where the 
other ends of the resistances 
make connection with the circuit, 
as in fig. 17, the resistances arc 
said to be joined in “ parallel.” 

The adding of resistances in 
series is equivalent to increasing 
the length of the conductor so 
that the total resistance is equal 
to the sum of the separate re¬ 
sistances. 

When resistances are arranged 
in parallel, however, several 
paths being offered for the 
passage of the current, it is 
equivalent to increasing the cross-sectional area of the original 
conductor. The current passing through the separate resistances 
is proportional to the “ conductivity ” of each path. 

The conductivity of a conductor is the reciprocal of its resis¬ 
tance—that is to say, it is equal to unity divided by the resistance 
in ohms. 

We can say, therefore, that the amount of current passing 
through different resistances joined in parallel is proportional 
to the reciprocals of the resistances ; and that the total resistance 
of resistances in parallel is ccpial to the reciprocal of the sum of 
the reciprocals of the separate resistances. 

Now if we take a circuit in which it is desired to find the 
current flowing at a given E.M.F., it is necessary to take into 
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account the total resistance ol“ every part of the circuit. If 
the source of supply be a primary cell, the internal resistance 
of the cell must be reckoned with. This varies in different 
types of cell, and depends on : 

1 . The resistance of the elements, depending on the 
material and size. 

2 . The resistance of the electrolyte, depending on the 
material and the distanee between the plates. 

The rules for finding the internal resistance 
of a battery eonsisting of many cells are givei\ 
in Chapter V. 

Potential Slope 

So far we have only considered Ohm’s Law 
with respect to the whole length of any circuit. 
It holds good, however, for any portion of a 
circuit, and consequently, provided that we 
know the resistance between any two points, 
we can easily calculate the difference of })otcntial between these 
two points. 

Let us take a simple case for an example. We will assume that 
the cell in the accompanying figure (fig. 18) has an E.M.F. on 
open circuit of two volts, and an internal resistance of two ohms. 
If we connect up to the external circuit R, which we will consider 
to have a resistance of two ohms, from Ohni’s Law we have 


that is to say. a current of half an ampere is (lowing in the circuit. 
Now let us take that portion of the circuit eonsisting of the cell 
alone and again api)ly the law. 

If'l = E = I X R, there- 

It, 

fore E = X 2 1, which tells 

us that on the closed circuit 
the difference of potential be¬ 
tween the two ])olcs of the cell 
has fallen to one volt, or that 
a pressure of 2—1 volts has 
been recpiircd to force a current 
of half an ampere through the 
internal resistance of the cell. 

If the difference of potential be calculated through the external 
portion of the circuit in a similar way, it will also be found to be 
one volt. 

If the resistance of the external portion of the circuit be great 
in comparison with the internal resistance, the latter can be 
neglected, as its introduction into the denominator will only 
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make a very slight difference in the final result of our 
calculation. 

Let us consider a circuit of the following type (fig. 19). The 
external resistance between A and B is 20 ohms. The E.M.F. 
of the battery shall be taken to be of such a quantity as to 
produce a difference of potential between A and B of ten volts. 
Now if the wire be of uniform size between A and B, according 
to the laws of resistance half the wire will have half the resistance 
of the whole, therefore the resistance between A and C (which 
latter point we will take to be equidistant between A and B) 
will be 10 ohms. Applying Ohm’s Law the difference of potential 
between A and C is found to be 5 volts. 

A very simple method of finding the difference of potential 
between any two points of the wire AB is as follows. From A 
draw a line AE perpendicular to AB and allow its full 
length to represent 10 volts. Now divide it into ten equal 
parts. Each part will represent 1 volt. From FI draw a 
line to B. 

The line EB is known as the ])otcntial slope. It affords us 
a means of quickly finding out the difference of potential between, 
say, the two points F and G. Proceed as follows. 

F>om F' and G draw two per¬ 
pendiculars FTI and GK. From 
H and K draw the lines HL and 
KM perpendicularly to the line 
AF^. Then the length of the line 
LM will give the difference of 
potential between F and G. 

The Potentiometer 

Although the necessity of using 
the above method for calculating drop of potential may never 
arise during the work of a wireless operator, it will enable him 
better to understand the working of an instrument called a 
potentiometer, which is used in many types of apparatus to be 
described later. This is an instrument used for varying the differ¬ 
ence of potential between two given points at will, and consists of 
a resistance wire permanently fixed across a source of supply, from 
which tappings can be taken, one usually being fixed and the 
other variable, by means of a sliding contact as shown in fig. 24*. 

Calculation of Resistance 

We shall now restate the theory of electrical resistance and 
give some examples of its application. 

Three important relations arc used in the calculation of the 
resistance of conductors to Direct Current. These are : 

1 . Ohm’s Law which states that “The difference of 
potential between any two points of a conductor in 
which a current is flowing, bears to the current flowing 
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through the conductor a constant ratio, which is defined 
as the resistance of the conductor between the two 


points.” 

Referring to the figure (fig. 
21 ), we may express this mathe¬ 
matically as : 

Va - Vn = III. 

Where 


A 


B 

Va 

I- 

Vb 


Fig. 21. Potential Difference between 
Two Points on a Wire. 


Va is potential at A 
Vims potential at B 

I is current flowing from A to B. 

II is resistaace of conductor from A to B. 


2 . In general, the resistance of a conductor varies with 
the temperature, and it is found that this variation can be 
given, to a suflicient degree of approximation by the relation 

R< = Re (1 at) 

11 / — Resistance at 

Re - „ „ ox. 

= a constant which is termed the 
temperature coefficient of resistance of the conductor. 


3 . The resistance of any material is generally given in 
tables as the resistance in ohms per centimetre cube at 0° C, 
which is called the “ specific resistance ” and is denoted by />. 
Hence, to find the resistance of a conductor of length I 
and cross section a, we have the relation : 


11 


P 


I 

a 


Example 

Find the resistance of an annealed copper wire 100 yards long 
of size No. 18 S.W.G. at 15^^ C, and find what potential would 
need to be applied to this w ire to pass a current of 2 amperes. 

The value of /> for annealed copper wire is given as 1 .SO I x 10 * 
ohms per centimetre cube at 0*^ C. 

The value of / is given, i.e. 100 yds. or 9143.9 cms. 

The value of a can be obtained from tables and is found to be 
.061* X TT sq. cms. 

Hence the resistance at 0® C. of the sample is 


11 . 


1.594 

10 « 


X 


9143.9 
.061* X TT 


1.25 


ohms. 


Hence its resistance at 15° C. will be 


11,5 1-25 (1 + .00425 X 15) 1.33 ohms. 

(The figure .00425 being the temperature coefficient of resistance 
of annealed copper.) 
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Calculation of Voltage or Potential Difference 

To determine the voltage needed to pass a current of 2 amperes 
through the wire, we can make use of Ohm’s Law quite simply : 

Va - Vn = III = 2 X 1.33 
= 2.6C volts. 

Example 

An electric motor is driven from current supplied by two 
leads, each 30 feet long, and 
having a total resistance of .75 
ohms (fig. 22). The supply volt¬ 
age is 220 and the current taken 
by the motor is 10 amperes. 

Find the effective voltage at 
the terminals of the motor. 

Let us call the potential at OO Urop in Motor Supply Mains. 

the motor end of the leads V. 

Now a resistance of .75 ohms needs a potential difference 
of : 

I X 11 == 10 X .75 = 7.5 volts 

to produce a current flow of 10 amperes. Hence this potential 
will have to be subtracted from the 220 v main supply to give V. 
I lence 

V = 220 - 7.5 = 212.5 volts 
which gives us the required result. 

In considering the effects of D.C. voltages a])i)lied to conductors 
we may take three cases :— 

(i) Resistances in Series 

When all the conductors form a single closed circuit, the 
current through each conductor is the same, say 1. Hence we 
may write : 

1 

The prefix in front of a letter is a mathematical convention 

and is used to denote the sum 
of all the quantities of which the 
letter is the generic symbol. 
Thus i:R denotes the sum of all 
the resistances which occur in 
the particular problem under 
investigation. 

(2) Resistances in Parallel 

It is possible to connect two 
points in a circuit by a number 
of conductors in such a way that each conductor takes a certain 
proportion of the total current, no part of this current passing 
through more than one conductor (fig. 23). 
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11 the resistances of the conductors be 
Ri, R2J Ra». 

the total resistance of the path from A to R will be given by 

1 

1 
V 

^R 

The conductors are then said to 
be arranged in parallel. 

For resistances in parallel, the 
graphical method due originally 
to Sylvanus P. Thompson is 
very useful. 

Consider four resistances A, B, 
C and D in parallel. Any base 
line is taken and on this a vertical 
equal to A is drawn on any arbi¬ 
trary scale. Draw second vertical 
B at any point in. base, equal 
to B in same unit. Then OR 
is resultant of A and B to same 
scale. Set up C anywhere, com¬ 
bine C and OR, resultant is PQ which combine with D. The 
construction is shown in Fig. 24. 

(3) The General Case 

In the case where the conductors in a circuit form a net¬ 
work we have two laws, due to 
Kirchoff, which enable us to 
solve problems connected with 
such networks easily. These are : 

1. The algebraical sum of 
the currents at any junction 
of conductors must be '/cro. 

Here we must introduce 
some convention, such as 
regarding all currents which 
flow into the junction as 
positive, and all currents 
which flow out of the junc¬ 
tion as negative, or yj = 0. 

2. In any closed circuit, 
the algebraical sum of the products of the current and re¬ 
sistance of each part of the circuit is equal to the electro¬ 
motive force in the circuit or 

vIR = vE. 

Example 

Let the network be as illustrated above (fig. 25), and let a 
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potential difference of 10 volts be applied to the points A and B. 
Let the resistances of the various arms be as marked. Let the 

currents in the arms be 2 ,, /g* .. tbe battery be 

delivering a current //.. 

Then from the first law 

ib — ii — 2*4 = 0 
U + *3 - i‘> = 0 

h H ^5 " ^ * 

U + - 1^=0 

and from the second law 

6 ?i 3^5 — 24 — 0 

O/j 4 * 2*2 — ^^*3 — ^*4 0 

4?2 - 32*5 — 22*8 = 0 

62*1 + + m. = 10 etc. 

These equations are not independent, but it can be shown that 
as many independent equations can be obtained as there are 
variables, in this case six. Hence it will be seen that the values 
of 

h, ii . 

can be found. The equations niay be solved in the ordinary 
way, although this will be found to involve a great deal of work. 
A knowledge of determinants is necessary, however, for the quick 
solution of the equations, but a description of the method would 
be out of place here. 

Sufficient has been said, however, to show that the solution 
of such a problem is merely a question of time. 
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CHAPTER IV 

SCALAR AND VECTOR QUANTITIES AND CURVE 
PLOTTING 


Scalar Quantities 

M ost quantities which arc met with in Scientific Investiga¬ 
tions can be divided mto two classes : Scalar quantities 
cctor quantities. 

Scalar quantities are those which can be completely and 
uniquely represented by a single magnitude associated with 
a unit. Thus when we talk of a weight of three pounds, we 
specify firstly the unit—a pound weight—and secondly the 
number of units contained in the quantity under consideration : 

i.e. three. Similarly when we speak of a time, say three o’clock 
p.m.” \ve specify the unit (understood) an hour, and the number 
of units, three. In this case by a convention, w^e understand 
the expression “ three o’clock ” to signify a time three hours 
later than some arbitrarily chosen time, in this case twelve 
noon. 

Operations with scalar quantities such as addition, subtraction, 
etc., merely involve the arithmetical addition, subtraction, etc., 
of their magnitudes. No difficulty is experienced in this, and 
the processes are self evident. 

It is always necessary, however, to take particular notice 
of the units in which the (juantities are expressed. Thus, for 
instance, it is obviously impossible to add together three pounds 
weight of some material, and two miles. We cannot immediately 
add together such quantities as 4 pounds per sq. inch, and S 
kilogrammes per sq. cm., even though they both represent 
pressures, until we have reduced them to the same kind of units. 

Vector Quantities 

Vector quantities are only conqiletely defined when the 
1. Unit of measurement 

2. Number of units 

3. Direction 

are specified. Thus when we talk of a velocity of 3 miles per 
hour we only completely specify that velocity if we define in what 
direction it occurs. It is iisuul, and indeed necessary to give 
this direction with reference to some other arbitrarily defined 
and fixed direction. In this way we define a wind as, say, blowing 
at a speed of 60 m.p.h. from the S.W. This means that the 

1. Direction is given—from a point S.W. of North, which 
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is the fixed direction relative to which all other directions 
are ^iven. 

2. The unit is dcrined—miles per hour. 

3. Number of units is given—(50. 


Co-«ordinates 

In general, however, a more convenient system of corellating 
directions is used. This is—for two dimensional space—the 
system of co-ordinates, first used by Descartes and called the 
Cartesian system. 

A simple system of co-ordinates is given in fig. 26. We must 
first take some fixed point O, which we may call the origin of 
co-ordinates. If two straight lines are drawn through this point 
and mutually perpendicular, we may take these as the two fixed 
directions to which we refer any other directions. They are 
called the x and y axes respectively. 

Unless other conditions are specified, it is usual to make the 
X axis parallel to the top edge of the paper, and the y axis per- 



Fio. 2»). Cartesian System of 
Co-ordinates. 



y 


♦ 


FiU. 27. vSpecilicaLKm of a Point 
Co-ordinates. 


peiidicular to this and parallel to the side of the paper. It should 
be clearly understood, however, that this is by no means essential 
and is merely done for the sake of clarity and symmetry of appear¬ 
ance. (Such a system is called an orthogonal two tlimensional 
set of axes.) 

We now have four regions : 

(a) That lying above the x axis and to the right of the y 
axis. 

(h) That lying above the x axis and to the left of the y axis. 

(c) That lying below the x axis and to the right of the y 
axis. 

(d) That lying below the x axis and to the left of the y axis. 

We shall refer to these later. 

Any point can be uniquely specified with reference to these 
axes by means of two co-ordinates (or measurements taken in a 
particular way). 
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Thus (fig. 27) we can define a point P as lying at a point (a? y) 
on the system, if its distance from the y axis measured in a 
direction parallel to the x axis is and its distance from the x 
axis measured in a direction parallel to the y axis is y. 

In such a ease, the distance x is said to be the “ abscissa ” of 
the point, and the distance y is said to be its “ ordinate.” 

Now we have mentioned above the existence of four regions. 
Ordinates and abscissie are given certain conventional signs in 
these regions. These are : 

Region Abscissae Ordinates 

a + ' + 

b _ , _j_ 

6 * + — 

d — — 


This is clearly indicated in fig. 28, 



Fio. L’S. Positive and Nej^ative Fiu. I’d. 8})eoi(ication of Points in the 

in ('arfesian System. Four Kegions of ('artesian System. 


Thus in the ease of four points, //, />, c aud d, given in fig. 29, the 
co-ordinates would be Jis follows : 

a : ?/,. 

h : -J 2 » 2/2• 
c : -2/3. 

d : a’4, “/y4. 

(all d:’s and ^’s being themselves positive). 

Curve Plotting 

Let us now transfer our attention from the point P to the axes 
X and y. 

By choosing a number of values of x and noting the corre¬ 
sponding values of y, we obtain data for plotting a series of points, 
each one of which can be expressed by means of the co-ordinates 
X and ?/, and if these points, when plotted, arc all joined up, by 
drawing a straight line from each point to the next, we obtain 
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what is called a curve, which expresses graphically the general 
relation between the two dimensions x and y. Thus if we can 
represent a certain relationship by an equation such as 

Y = X —2 

we see that the value of X depends on the value of Y, or that if Y 
increases in value, X also naturally increases, and vice versa. 

Take a sheet of paper on which a number of straight lines are 
ruled, dividing it up into a number of equal squares, and let 
the side of one of these squares in a horizontal direction represent 
a unit or fraction of a unit of the type required to measure X, and 
the side of one of the squares in a vertical direction represent a 
unit or fraction of a unit of the type required to measure Y. 
Draw a horizontal line AB (fig. 80) sufTiciently long to represent 
the maximum value of, say, X. Then A A (wliich is zero) would 
represent a zero value of X and AB the maximum. From A 
draw a line AC sulticiently long to represent a maximum value 
of Y. Then A A would again represent a zero value of Y in this 
case, and AC the maximum. 

Now let us take the points D, E, and F, along AB representing 
different values of X. Substituting these values in our equation 
Y —X ~ 2 we can ealeulate the corresponding \'alues ol* Y. Make 

the points, U, 11 and K, represent 
these values along th(‘ line AC\ 
Now if w(‘ draw lines Iroin 1), 
K and F, at right angles to AB. 
and also draw lines from (r, H 
and K at right angles to A(\ 
these lines will intersect at th(‘ 
|)oints L, M and O. Through 
L, M and (), draw a line. This 
lin(“ is the curve representing 
the reiationshif) between X and 
V. Although the line may be 
a straight oiu* it is still called a 
eur\'e, and such a straight line 
would indicate that X varied 
unirorinly as Y. In the curve described only positive vahu's have 
been taken lor X and V. If, however, it is desirable to represent 
negative or minus values for these* two (piantities, the lines AB 
and AC reejuirc to be continued in the opposite directions, nauK ly. 
from A horizontally to the left, and from A vertically downwards. 

Then if any point P be taken on the curve, projections from 
this point on AB and AC would give the rc*spective values of X and 
Y represented by such a point. Suppe)se such projections be 
the points S and T, then AS and AT are called the co-ordinates 
of the point P. AS is called the “ abscissa,” and AT is called the 
“ ordinate.” 



CO-ORDINATES 


Fio, '50. Curve 
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The Sine Curve and Log Curve 

In connection with curve plotting, we may quote two very 
important relations wlvich are given by 

y — a sin x 

and y = b x^ respectively. 

The first of these two equations will, when plotted, give what 
is known as the sine curve, in wliich the ordinate is everywhere 
proportional to the sine of the abscissa. This curve will be fully 
discussed in Chapters X and XIII. 

The second relation finds many applications in radio work. It 
may be also expressed as 

n -- logr ^ 

An example of this relation plotted on ordinary graph paper 
is given in fig. 31, for n 2 and b = 1. 

An important ease arises when ^ = 10, and also when x — e 
(the base of naperian logarithms), for then in the one case we shall 
have a curve of logarithms to base 10, and in the other we shall 
have a curve of natural or na¬ 
perian logarithms. 

If either of the above loga¬ 
rithmic curves are plotted on 
paper having a logarithmic scale 
for both X and y values, we shall 
obtain a straight line the slope of 
which will be equal to 7i (fig. 32). 

Operations with Vector Quan** 
tities 

For fixing the position of a 
point, in some cases the method 
described on p. 30 is not so con¬ 
venient as to specify 

1 . The angle which a line 
drawn from the origin to the 
point would make with the 
X axis and 

2 . The distance from the 
origin to the point along this 
line. 

Thus we may define the point P situated as shown in fig. 33 
by the co-ordinates (r,0). 

The dimension r is always taken as being positive, and 0 is 
measured in an anti-clockwise direction. Both the co-ordinates 
in this case then are always positive. 

It is also convenient to represent the angle 0 by two known 
lengths. 

Thus an angle can be defined by its tangent. In fig. 34 tan 0 

^alb. 



Fio. 31. A Lo{» Curve Plotted on 
Squared Paper. 
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Fio. A Lo^ Curve Plotted on Loij Paper. 


Then 0 is the angle, the tangent of whieli is a/h. 

'riiis is usually written 0 = tem 

1 / 

Then a line having a certain direction wliich is represented 
by the co-ordinates r,0, can also be defined by r, tan ^ where 
a 

tan 0 — ^ • Now if either of these expressions is completed by 
stating the necessary unit, we shall have a convenient repre¬ 
sentation of a vector. Thus the expression (AB, tan feet/see. 

gives us the following specification. It defines a quantity which 
we know 

1. Is a velocity. 

2. Is measured in feet per second. 

3. Has a scalar magnitude of AH, and 

4. Is inclined at an angle who.se tangent is a/b to the x axis, 

this angle specifying the direction of the velocity. 

30 










FOR WIRELESS TELEGRAPHISTS 


It is more usual, however, to write (AR, I feet/sec. 


to distinguish this vector from the definition of a point which 



the X axis. 


Having now obtained a simple method of representing a vector, 
let us sec what can be done in the way of operating on it. We 
certainly cannot add and subtract in the same way as we can 
scalar quantities, for the addition of vectors implies the idea 
of the joint effeet of their vector characters, and not merely the 
addition of their scalar magni¬ 
tudes. 

Vectors are, in fact, added 
and subtracted by means of a 
parallelogram construction such 
as has been made (piitc familiar 
in a special ease by the parallelo¬ 
gram of forces in mechanics. 

Thus if we have two vectors P 
and Q, where P for convenience 

stands for AR / fan ^ and Q 

for A'R / fan ^ , we can add 

them by drawing two lines P and Q which represent P and Q in 
direction and magnitude, as adjacent sides of a parallelogram, and 
taking that diagonal of the ])arallelogram which passes through the 
intersection of P and Q as the resultant or sum of the two vectors, 
paying due attention to the directions of the separate vectors and 
their resultant. 

Subtraction can easily be performed in the same manner for 
P — Q P -f ( — Q) and -Q is a vector having the same 
length but opposite direction to Q. 

The multiplication and division of vectors is quite a different 
matter, and is far too complicated a process 
to be considered here. 

Mathematical Definitions 

There arc many quantitative relations which 
cannot be adequately expressed without em¬ 
ploying the mathematical terms “ function ” 
and “ differential coefTicicnt,” and we shall 
therefore now proceed to define these terms. 

Function 

(1 :u An quantities are connected so that when 

and its TunyonL oiic of tliciu is altered in value the other also 
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alters in value, then the one is said to be the funetion of the 
other. 

Thus because the area of a triangle of constant height is pro¬ 
portional to the length of its base, the area is a function of the 
base. 

As further examples, consider the algebraic ex})ressions y = 

+ 4 or ?/ — ax + b where a and b are constants, or again y ~ Qx^, 
then in each of these y is an algebraic function of x. 

Variable 

The quantity x is called the inde})endcnt variable and the 
quantity y, which is the function of x, is called the dependent 
variable, because its value is dependent on the value given to x. 

Some functions cannot always be (‘valuated exactly in numerical 
terms. Sin x, cos x, lo^ x, etc., arc examples of such functions, 
and are said to be transcendental. 

It is usual to indicate the variable of which an expression is a 
function by the prefix /, et(‘., such as / (,r), etc. 

Thus the expression Vx'^ ^ be rc))rescntcd by / (a'). 

If values of 1, 2, .S, 4, etc., are given to the variable x, the 
value of/ (x) becomes lii, 25, 45, 73, etc. For equal increments of 
^ the function increases i!i an unequal manner. A funetion of iP 
need not necessarily increase with x, it may d(‘(*rcase. The change 

in the funetion may be positive 
or negative, or it may be zero, 
according to the tyjie of the 
ecpuition connecting it with the 
variable. 

Differential Coefficient 

In fig. 35, X the variable as 
abscissa is plotted against y its 
function as ordinate for the 
ccpiation 

y ™ 6 .i; 2 . 

When 

X = \,y 6 

X — 2, y ^ 24 
X = 3, y 54 

By increasing x from I to 2, an increment of I, y is increased 
from 6 to 24, an incremcjit of 18. 

Then 

increment of ^ 18 
increment of x 1 

Also by increasing x from 2 to 3, an increment of 1, y is increased 
from 24 to 54, an increment of 30. 

Then 

increment of y __ 30 
increment of x 1 
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and so the ratio of the increments varies at every part of this 
curve. But if instead of taking the increment of y over compara¬ 
tively large steps on the curve such as from P to Q, we take it at 
any point P for the smallest increase of x possible, then this will 
be equivalent to the point Q moving as close as possible to P, 
and the line joining P and Q then becomes indistinguishable from 
the tangent to the curve at the point P. 

If these very small increments of y and x are denoted by dy 
and dx, then 

increment of function y dy 

^ . . 11 = / Tangent at the 

increment oi variable x dx ^ 

point P on the curve OPQ to the axis Xy and this ratio is called 
the differential coelHcient or first derivative of the function 
with respect to the variable, and is generally referred to shortly 
as the “ derivative.” In other words, when two quantities are 
related to each other, and one of them is altered, the 
derivative is the rate of change of one of them with respect 
to the other. 

In connection with differential (‘oeUicients there are two cases 
of j)articular imjiortanee in alternating current work as shown in 
Chapter XIV. Since we are dealing with sinusoidal quantities 
we arc particularly intcrcslcd in the rate at which the sine curve 
is clianging with the angle. TJiis rate of change can be expressed 
in the following way :— 


If 


th 


// 

d/y 

dx 


- sin inx 


Similarly for the cosine curve 

d// 


ify 


cos mx 


dx 


m cos nix. 


— til sin nij, 
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CHAPTER V 

PRIMARY BATTERIES 

I N (1ia|)tcr HI we (oiiiui that a direct eiirreiit eoiisistint^ ot a 
stream of cdeetrie eliar^(‘s. or of (‘l(‘etrons tra\’elliii^ alwa\s 
ill the same direction, eonld he produced hy ('inployin^ a sim])l(‘ 
cell in a eloseii eondiietinjf einaiit. We havV now reached the 
sta^e at which it heeomes lucessarv to examine^ more closely th(‘ 
jiroeesses whieli take j)lae(‘ in the simpl(‘ cell, and set free tlie 
electrons eomjiosinir tlu* current. 

The Electronic Basis of Chemistry 

Idu' smallest suhdixision of a snl)stane(‘ that can exist in a 
stable state is th<‘ molecule*, and this moUenh* may contain from 
one up to a larj^a* numhtr of atoms of tlu* sanu* or of different 
elenu'iits a(*eordin^^ to tlu* eharaet(*r ol‘ tlu* substance* eonee'rned. 

There* are some* 92 e*le‘m(*nts. in many instance s eliff(*rin^^ wiele*ly 
in their ])hysie*al and ehemie*al e‘harae*te*ristie*s. 

The* ateimie mimbe*r '* eif the* el(*nu*nt. whie*h is the* name* ^i\’e*n 
to the* numbe*r e)f j)re)te)ns pre)\ ieiini»‘ the* positiv e* (*har2e‘ in the* 
nue*lens. is the ele)minatin^ l'ae*te)r in tlu* make*-up e)f the ate)m as it 
determiiu*s the* mimbe*r anel dlstributie)n e)f the* tiifhtly he*lel anel 
le)e)s(*ly held e*lc*etre)ns anel so ineliree*tly the* epialiti(*s that re‘snlt 
theretrom. 

Tlu* hyelreine-ii ate)m, e*e>nsistinj,^ e)f e)ne* |)re)te)n anel e)ne* (*le*e*tre)n, 
has tlu* le)we*st atomie* weight ' of all the* e*le*ments ; e^xyn'cn is 
very nearly Iti tinu*s as mue*h. It has be*e*n ibunel best te) make* 
the atomie we‘i<rht e)f e>xyt(e*n the* stanelarel e)f re*fe*re*ne*e* at Hi, 
so that the atomie* we*i<^dit e)f hyelre>i,u*n is tlu*re*fe)r(* LOOTS. II' 
tlu* atomie micleus e)l' an e*le*nu*nt e*e)nsiste*el e>l' pre)te)ns e)nly, its 
atomie* wei^dit we)uld be* invariable* anel praetie*ally the* sanu* as 
its ate)mie numbe*!’, the* eiiffe*re*ne*(* bein^f ehu* te) the* le)ss e)f mass 
eanse'ei by bryi^'in^^ the* pre>le)ns se) ele)se*ly te)^ethe‘r, anel te) the 
^^ain e)f mass eauseel by tlu* (*le*e*tre)ns re*e|uir(*d te) make the* ateim 
electrically neutral : but the ine*lusie)n of n(*utre)ns in the nue*lei 
of seirne atoms anel iu)t in e)th(*rs e)f tlu* same* e*l(*nu*nt ^ivus the*se* 
atoms elifferent ate)mie* we*i^hts. I’his, he)W(*ve*r, ele)e*s ne)t alte*r 
their chemical perlbrmanee*. Such variatie)ns of the (*lenu*nts are* 
called '' i?^ote)pe*s.’’ 

The neutral ate)m ee)ntains as many (*le(*tre)ns as prote)ns. Se)me 
of these* ele*e*tre)ns are* stre)n^dy h(*ld, others are weakly h(‘ld on the 
periph(‘ry of the* ateim. It is these* we*akly helel e*le*e*trons whie*h 
mainly ele*termine the^ ehe*mie*al e*harae;teristies e)f an element e)r 

to 
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the iiiamicr in which its atom unil(‘s to iorm a molecule with the 
atom or atoms of other elements, lor they (‘Mt(‘r into the proeess 
of “ hondino- the n(‘i<^hhourin<r atoms together. 

'J'he numIxT of bonds the atom ot an element can have with 
other atoms as expressed by its (*ombinin;f power with hydro^ren, 
is called its xalency, ’ and tlu‘ electrons involved in the bondin" 
])r()cess are called '' valency c‘l(‘ctrons " ; one v alency electron 
irom each atom is employed p(*r bond. 

Many elements have a fixed valency : with the remainder a 
clian^a* in physical conditions may cause* the* atom to chancre its 
])roj)ortion of stron^dy held to W(‘akly held (*l(*ctrons so that the 
valency is altc‘r(‘d. d'he elenu'iits ami compounds are represented 
for eonv(*ni(‘nee by symbols. 

Thus '' Fu " r(‘))rcsents om* atom of coppi'r. It also represents 
one molecule ot copper, as th(*r(‘ is e)nly om* atom in the molecule ; 
but one moleeuh* ot‘ oxy^H*n which contains two atoms is repre- 
s(*ntc*d by When it is (h‘sir(*d to ^iv e more complete 

information the* ateimic number is shown as an allix at the left 
hanel beitteim e*orner e)f the* syinbe)!. ami the* ate)mie* weii^ht e)r mass 
numbe*rat the* riL,dit hanel teip e*e)rner, thus and 

imlieate that coppe*r with an ate)mie number 2!) has twe) 
ise)te)pe's with mass numbe'rs (J.*! ami 05, ami oxyi/eai with an ate)mie 
number S has thre‘e* ise)te)|)e*s with mass numbers 10, 17, auel IS. 

(\)pj)er e*an be* eeimbineel with sul[)hur ami e)xyiren to form a 
e*e)mpe)und e*alleel e*e)ppe*r sulphate. A nu)lee*ule e)f this e*om])e)und 
we)ulel be* rej)re*sente*el by C'uSOj. fmplyin^^ that it e*ontains one 
ate>m e)f e*e)pper, e)ne ate)m e>l‘ sulphur, anel fe>ur ateans e)f oxygen. 

d'lu* e*he‘mie*al e*e)nstants e)f seime* ty|)ie*al elements are ;^dven in 
the* fe)lle)winu; table : 


FAi’incnt 

St/nihol 

. iloinii' 
A unibt't 

. ttomir 

Weight 

Mass \anfhvrs 

f \ilrNcies 

llviiro^cii 

. 11 

1 

i()()81 

1. 2. a 

1 

llcliiiin 

He 

•j 

t-oo to 

t 

0 

lathiiiin 

. la 

a 

o-ot 

0, 7 

1 

('arl)oii 

( 

(i 

1200 

J2. la 

t 

Nitrogen 

. N 

i 

1 t 01 

1 t, l.> 

1, a, 5 

Oxygen 

() 

s 

1000 

10, 17, 18 

•> 

Sodium 

. .\a 

11 

•ja 00 

2a 

1 

AUiminiuin . 

. Al 

la 

•20 07 

27 

a 

Silicon 

Si 

It 

*28 -00 

•28, ‘20, ao 

4 

Sulpliur 

. S 

i(> 

a2 00 

82, aa, a t 

2. 4, 0 

Iron . . 

l’(* 

•j(» 

.V> 8t 

.7 t, 50, 57 

‘2, t, 0 

('o|)|)cr 

C u 

•ji) 

oa-.iiT 

o;i, 05 

2 

Zinc. . 

/u 

ao 

O.") *88 

0 t, 00, 07, 08, 70 

2 

Silver 

. A- 

IT 

107-88 

107, 100 

1 

I'in 

. Su 

.■iO 

118-70 

112, 11 t, 115, IKi, 117, 
118, no, 1-20, 1‘22, 1-24 

2. 4 

Platinum 

IM 

78 

1 o.> *2a 

102, 104, 105, 100, 108 

2, t 

(;old 

. All 

7<) 

107 2 

107 

1, 0 

Mercury 


80 

200-(>1 

100. 108. 100, ‘2(H), ‘201, 
‘202, ‘204 


Ijcad 

. IM; 

82 

•207 22 

‘20 t, ‘20(i, ‘207, ‘208 

•2, 4 
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Chemical Equations 

Whenever chemical action takes place a rearrangement of 
the atoms of the different elements involved is the result, and 
energy is either given up or absorbed. 

The rearrangement of the atoms is conveniently shown in 
the form of an equation in which the elements are represented 
by their chemical symbols. Thus, 2Hg + Oa = 2HaO, which 
indicates that two molecules of hydrogen are required to unite 
with one molecule of oxygen in order to form two molecules of 
water. 

Electrolyte and Ions 

Now in the simple cell just described the liquid is acidulated 
water. 

Pure water is chemically inactive and is a non-conductor, 
so that it can neither produce a difference of potential between 
two metals immersed in it, nor, supposing such a potential 
difference to exist, could a current flow through it. 

The addition of the acid makes the water both chemically 
active and a conductor, the nature of the water is changed, it 
becomes an “ electrolyte.” 

It is necessary here to state clearly what conductivity in a 
liquid implies. 

In solid conductors it is the negative charges, the electrons 
alone, which move and constitute a current, but in liquids the 
electric charges are carried by the molecules themselves or by 
groups of molecules, or by brokeii-up molecules in the form of 
atomic groups or single atoms, and these electrified particles 
are all called “ ions.” 

There are negative “ ions ” which have one or more electrons 
in excess of the number required for the particle to be elec¬ 
trically neutral; and there are “ positive ions ” which have 
one or more electrons less than the neutralizing number, and 
these two kinds of ions, under the influence of a common potential 
difference, will move through the liquid in opposite directions. 

Now all matter contains electricity. If it does not show any 
electric charge the internal positive charges of the molecules 
are balanced by the internal negative charges, and if a liquid is 
to be made a conductor this electrical equilibrium must be 
upset. 

The acid which is added to the water does this. It causes 
the water molecule to break up into oxygen, which carries a 
negative charge, and hydrogen, which carries a positive charge, 
and is split up itself into two oppositely charged parts, Hj 
positive and §04 negative. The free oxygen has a strong 
chemical affinity for zinc and copper and is therefore attracted 
to the two plates so that they each become surrounded by a 
very thin film of negatively charged molecules, and these films 
continue to grow until the attraction of each plate for the oxygen 
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in the electrolyte is balanced by the repulsion of its respective 
film. 

When equilibrium is established, the film round the zinc 
contains many more oxygen molecules than the film round the 
copper, and as the metals being conductors take up the charges 
from the gas, the zinc becomes much more negative than the 
copper ; a difference of potential is established between them 
so that if the plates are connected by a conductor outside the 
liquid a flow of electricity takes place through the conductor 
tending to equalize their potentials. 

Battery Current Action 

When a current flows in the external circuit the action in the 
cell itself is as follows : 

The flow of the electrons through the copper wire to the copper 
plate increases its negative potential to an extent wliich causes 
it to drive away the negatively charged films of oxygen in the 
electrolyte, and the positively charged hydrogen ions are at¬ 
tracted. Those which actually touch the plate are neutralized 
and rise through the liquid and escape. 

At the zinc plate the rush of negative electron charges away 
from it along the copper wire causes a momentary shortage of 
electrons at the lower part immersed in the liquid so that it 
becomes positively charged, and this immediately causes more 
negatively charged oxygen atoms to join the film in the liquid, 
and thus creates a flow of negatively charged ions towards the 
zinc. 

This flow includes both the oxygen and the negative SO 4 
group or acid “ radical.” 

Also, as the electrons, which are the actual current carriers, 
are those which help to tie the molecules in the zinc plate together, 
the shortage of them causes a weakening of the molecular bonds 
and allows the negative charges in the electrolyte to pull off many 
zinc atoms, which then unite with the acid radical to form an 
electrically neutral zinc sulphate, ZnS 04 , thus : 

Zinc + Sulphuric Acid = Zinc Sulphate + Hydrogen, 
or Zn -f- H 2 SO 4 == ZnS 04 -f* H 2 

the chemical affinity of the zinc and the acid radical being greater 
than that of the zinc and oxygen, the oxygen being employed 
as long as the current flows in renewing the film round the zinc 
plate from which the top part of the zinc draws its negative 
charge. 

Thus the action continues during the whole time the 
two plates are connected outside the cell by a conductor, and 
until the acid in the electrolyte or the zinc or both have been 
completely used up. 

The simple cell just described is known as a “ single fluid ” 
cell as only one liquid is used. 
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Fio. Components of Simple Cell. 


Anode and Cathode 

The zinc in the electrolyte (fig. 36) is the “ positive element,” 
and the copper in the electrolyte the “ negative element.” 

The positive element is also called the “ anode ” and the 
negative element the “ cathode,” although the original meaning 
of these two words denoting the entrance and exit respectively 
of the current must be understood now to apply solely to the 
motion of the positive ions in the electrolyte, as it is the negative 
ions moving in the opposite direction which give the direction 
of the current in the external circuit. 

Substances other than copper and zinc may be used as elements, 
such as platinum and zinc, carbon and zinc, etc. The positive 
element is that which is most readily attacked by the acid. 

Polarization 

It has been stated that bubbles of hydrogen are evolved at 
the copper plate. Some of this hydrogen rises to the surface 
of the liquid and escapes into the air. A part of it, however, 
adheres to the copper plate, and after the cell has been working 
for a short space of time the plate becomes almosCeovered with 
a thin film of hydrogen. The hydrogen is found to have a much 
higher potential with respect to the zinc than the copper has, 
and the consequence is, of course, that the difference of potential 
between the two plates is decreased. Hydrogen also offers a 
greater resistance to the passage of electricity. It is seen, there¬ 
fore, that a cell of this type very rapidly loses its elliciency. 
When the copper plate has become covered with the film of 
hydrogen the cell is said to be “ polarized.” 

The potential of the zinc element is 1.86 volts and that of the 
copper element .81 volt. The effective difference of potential 

44 





FOR WIRELESS TELEGRAPHISTS 


or E.M.F. is therefore expressed by 1.86 — .81 == 1.05 volts. 
Now, the potential of hydrogen is about 1.3 volts. The difference 
of potential at polarization therefore becomes 1.86 — 1.3 = .56 
volt. The polarization of a single-fluid cell can be reduced by 
such devices as roughening the surface of the negative element 
or by keeping it in motion. Neither of these devices, however, 
is much used in practice. To get over this trouble another 
type of cell is used in which provision is made for the 
combination of the hydrogen with other substances immediately 
it is produced. 

The Leclanche Cell 

This is perhaps the best knoAvn of this type. It usually con¬ 
sists of a square glass jar containing a saturated solution of 
ammonium chloride, which is known commercially as sal- 
ammoniac. A porous pot, containing a carbon rod in the centre 
packed round with manganese dioxide (MnOg) and crushed 
carbon, is placed inside the glass jar. The top of the porous 
pot is sealed with pitch, a small hole being left for the escape of 
the gas produced by chemical action. The carbon is the negative 
element. A zinc rod is also placed in the sal-ammoniac solution, 
thus providing the positive element. The porous pot allows the 
solution to make good contact with the crushed carbon and 
manganese dioxide (flg. 37). 

The action of this cell is as follows : The sal-ammoniac attacks 
the zinc, forming a double chloride of zinc and ammonium. 
Hydrogen is liberated, which combines with a certain amount 
of oxygen, supplied by the manganese dioxide, to form water, 
thus preventing polarization of the carbon or negative element. 



c 


Fig. 37. Leclanclu* Cell. 
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The Dry Cell 

A very common tyjpe of primary cell (fig. 38) and almost the 
only type with w^hich the average wireless telegraphist will come 
in contact is known as the dry cell. The action of this cell is 
precisely the same as that of the “ Lcclanche.” It possesses 
the advantages, however, of cleanliness and portability. This 
cell consists of a zinc case which acts as a container and at the 
same time as the positive element. It is protected and insulated 
on the outside by means of a cardboard sheath. In the centre 
is fixed a carbon rod, carrying a terminal at its upper extremity, 
which is surrounded by a mixture of manganese dioxide and 
graphite or crushed carbon. Between this mixture and the 

- zinc container a lining of plaster 
I of Paris and flour, moistened 
j with a saturated solution of sal- 
ammoniac, is placed. The top 
is filled in with a padding of 
cotton-wool or sawdust and 
sealed with pitch or marine glue, 
through wiiich two small glass 
tubes run to afford an outlet for 
the gases produced by chemical 
action. 

This cell cannot be used for 
any protracted period of time 
without polarization taking place 
to some extent. The manganese 
dioxide only liberates oxygen—■ 
which, it will be remembered, 

_} combines with tlic liberated hy- 

X XX n XX drogcii to foriu water—slowly, 

riG. .38, oection Dry Cell. i. r 

- and consequently alter a certain 

time, more hydrogen is liberated than can be dealt with. If left 
for a little while, however, the cell recovers. It will be under¬ 
stood, therefore, that this type is very useful when intermittent 
service is required, as in the ease of electric bells, etc. 

The two cells described are of the single electrolyte type. 
Although it is very improbable that a wireless operator will 
have dealings with any other type of primary cell, a description 
of a cell of the double-fluid type may be useful. 

Saturated Solution 

In the description of the Lcelanehe cell, use is made of the 
expression “ saturated solution.” 

A saturated solution is a solution containing as much of the 
solute as will dissolve normally under the given conditions of 
temperature and pressure. When copper sulphate is added 
to water it will dissolve until a certain point is reached, after 
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which any additional copper sulphate remains at the bottom of 
the vessel containing the solution. 

Local Action 

In each of the cells described it is stated that the zinc element 
is gradually eaten away. This action only takes place when the 
circuit is complete, but under certain conditions the eating 
away will be excessive. Commercial zinc invariably contains 
certain impurities, usually small 
quantities of such materials as 
copper, arsenic, lead, etc. When 
such impurities are on the sur¬ 
face of the zinc rod used in a 
cell the following action takes 
place. In the accompanying 
figure (fig. 40) Z represents the 
zinc rod and C a particle of 
copper impurity greatly mag¬ 
nified. When such a rod is im¬ 
mersed in dilute acid a local 
miniature cell is formed, the zinc 
being the positive clement and 
the copper impurity the nega¬ 
tive, the small space between 
being filled with dilute acid. 

Tims a zinc rod containing many impurities would be rapidly 
eaten away even on an open circuit. 

Amalgamation 

Most metals very easily form an alloy with mercury, such alloys 
being called ‘‘ amalgams,” and the process pro¬ 
ducing them being known as “amalgamation.” 
A zinc rod may be amalgamated as follows : 
Using a greasy clotli to prevent burning of 
the fingers, the zinc rod is first cleaned with 
dilute hydrochloric or sulphuric acid. Mercut*y 
is then rubbed over the rod until it presents 
a bright and shiny surlace. When such an amalgamated zinc 
rod is used in a cell the zinc in the amalgam covers the whole 
surface of the rod exposed to 
the acid and the conditions for 
local action are thus prevented. 

Arrangements of Cells 

When two or more cells are 
joined together in order to pro¬ 
duce additive effects, the ar¬ 
rangement is called a battery. Tlie cells, like resistances, may be 
arranged in either series or parallel. 
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To join cells in series, the negative pole of one cell must be con¬ 
nected to the positive of the next, and so on, as in fig. 41. To join 
them in parallel all the negative poles must be connected and all 
the positives, as in fig. 42. 

A combination known either as a parallel-series or a series- 
parallel arrangement, is shown in fig. 43. 

As is seen in the figures, it is usual to represent the positive 
pole of a cell by means of a long thin line, and the negative by 
means of a shorter and thicker one. 

When a number of cells are 
joined in series, the total pres¬ 
sure or E.M.F. is equal to the 
sum of the individual E.M.F.’s, 
and the total internal resistance 
of the battery is equal to the 
sum of the individual internal 
resistances. 

In a parallel arrangement of 
the cells, provided that they are 
all of the same type, the total E.M.F. is equal to the E.M.F. 
of one cell, and the total internal resistance is equal to the internal 
resistance of one cell divided by the number of cells in parallel. 

A series arrangement is made when greater E.M.F. is desired 
and a parallel arrangement when current is the chief object. 

We are now in a position to provide full equations for the 
calculation by Ohm’s Law of the electrical quantities involved in 
circuits containing batteries. 

Thus if R represents the total external resistance in a circuit, 
r represents the internal resistance of each cell employed, E 
represents the E.M.F. of each cell, n represents the number of 
cells used in series, and p represents the number of cells or rows 
of cells in parallel, it will be easily seen that the following 
equations hold good for the three different arrangements: 



Fig. 43. Cells in Series-rarallel. 


Series — 

Parallel — 

Series-Parallel — 


1 


nE 

it + nr 


/ = 


E 


R + r^ 

nE 


R + 


nr 

P 


Maximum Current from Battery 

A little consideration of Ohm’s Law shows us that we obtain 
the maximum amount of current from a given number of cells 
when the external resistance is equal to the internal resistance 
of the battery. 
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Let equal the number of cells. 

n equal the number of cells in series. 
p equal the number of groups in parallel. 
r equal the internal resistance of each cell. 

E equal the E.M.F. of each cell. 

R equal the external resistance. 

Obviously np equals N. 

It is required to prove that to obtain the maximum current we 
must arrange the cells so that 

flT 

R= (total internal resistance) 

^ tiE 

As stated above— I = — (1) 

V 

From which we obtain the following :— 

I- (2) 

^ -Rp nr ^ ’ 

But np = N .(3) 

By substituting in equation (2) 

^ = Rp+nr . 

Now NE is a constant. That is to say, its value cannot be 
changed without altering the total number of cells. Therefore 
in order that the expression in equation (4) may have a maximum 
value the denominator {Rp + nr) must be a minimum. 

In order to find the condition when this denominator is a 
minimum we must first square both sides of equation (4), giving 
us 

^ ~(Rp + nr)^ . 

Now {Rp + nr)2 = {Rp — nr)^ + ^Rpnr 

Substituting this value in equation (5) we get 

mE\ ... 

{Rp — nr)2 + 4 RpnT .' 

Now {Rp ~ nrY must always possess a positive value, being 
a perfect square, and therefore in order that the denominator 
in equation (6) may be as small as possible {Rp — nr)^ must be 
equal to zero, which is when 

Rp — nr = O 
« nr 


When we have a number of cells at our disposal and we desire 
to find out the arrangement which will give us the maximum 
amount of current through a circuit of known external resistance. 
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the following formula can be used, using the same lettering as 
before : 

/NR 


or to express the relationship in words, the number of cells in 
series is equal to the square root of the product of the total 
number of cells and the external resistance divided by the 
internal resistance of one cell. 

The proof of the correctness of this formula is as follows. 
As previously proved 

TIT 

72 must equal p .(7) 

N 

But iV = np, therefore p — ^ 

Substituting in equation (7) we get 


therefore 


Now n equals the number of cells to be used in series, and it 
only remains to divide the total number of cells by this figure 
to obtain the nmnber of parallel groups. 

In practice it will be found that the figures arrived at by this 
method of calculation are very seldom whole numbers. As 
it is impossible to have a fraction of a cell, however, it is necessary 
to make the arrangement most nearly approaching the result 
of the calculations. It is necessary, of course, that there should 
be an equal number of cells in each series group, otherwise we 
should have one group forcing a current through another on 
account of the unequal E.M.F.’s which would be set up, a state 
of affairs which must very carefully be avoided when using cells 
in parallel, as it would result in the running down of one lot, and 
cause serious deterioration. 
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CHAPTER VI 

ACCUMULATORS 


Electrolysis 

UST as chemical action can be utilized for setting electricity 
in motion, as described in the previous chapter, so electricity 
in motion is capable of setting up chemical action. When 
a current is sent through certain liquids, they are split up into 
their component parts. If a current is sent through water, which 
is a combination of gaseous elements hydrogen and oxygen 
represented by the formula HjO, 
the water is split up into these 
two gases. Thus if C (fig. 44) re¬ 
presents some form of primary 
cell, and V is a vessel containing 
water, when the ends of the 
wire W are placed in the water, 
bubbles of gas arise at either end 
of the wire, which on examina¬ 
tion prove to be bubbles of oxy¬ 
gen and hydrogen respectively. 

If a little sulphuric acid be added 
to the water the action is in¬ 
creased, as the liquid then offers 
less resistance to the passage of 
the current—perfectly pure water, as pointed out in the preceding 
chapter, being a non-conductor. 

The process which decomposes the liquid by the passage of a 
current is called “ electrolysis,” the liquid being known as the 
“ electrolyte,” and the ends of the conducting wires “ electrodes.” 

The whole arrangement of the vessel, electrolyte and electrodes, 
is known as an electrolytic cell, and the electrode connected 
to the positive pole of the battery is called the “ anode,” the 
one connected to the negative pole being called the ‘‘ cathode.” 

The charged atoms or groups of atoms into which the electrolyte 
is split up are called “ ions,” and as the hydrogen appears at 
the cathode it is called the “ cathion,” the oxygen being called 
the “ anion.” 

During the electrolysis of any solution which results in the 
formation of hydrogen or any of the metals, the latter travel * 
from the anode to the cathode, hydrogen and the metals are 
deposited on the cathode. 

The formula of water has been given as HjO, implying two atoms 
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of hydrogen to one of oxygen in every niolecule. Experimentally 
it is found that two volumes of hydrogen are given off to one of 
oxygen. 

Here, therefore, we have a simple method of finding out the 
positive and negative poles of a cell or other source of current, 
for, if the source of supply be connected up to a simple electrolytic 
cell, gas will be given off more freely at the electrode connected 
to the negative pole. 

Simple Accumulator 

If lead plates are attached to the ends of the conducting wires 
immersed in the dilute acid, several changes are found to take 
place when the current is passed through. The strength of the 
acid is affected, and a change takes place in the composition at 
the surface of one of the lead plates. These changes will be 
discussed more fully later. 

If the primary cell is now disconnected from the electrodes, 
and an external circuit closed upon these, a current is found to 
flow, and gradually the plates are found to approach their original 
state and the acid its original strength. 

When a certain point has been reached the cell is found to be 
incapable of producing further current. To summarize the 
above, we find that by passing a current through the electrolyte 
and electrodes we have produced a type of cell capable in turn 
of producing a limited amount of current. Such an arrange¬ 
ment is therefore called an “ accumulator,” storage battery or 
secondary cell. The names “ accumulator ” and “ storage 
battery ” are really misnomers, as they do not store up a supply 
of electricity as such as a condenser does; they do, however, store 
up some of the energy supplied to them. What really happens, 
is, that the electricity supplied produces chemical action, and 
when the supply is cut off and an external circuit joined across 
the electrodes, an opposite chemical action in the secondary cell 
sets electricity in motion. The chemical action in the first case 
has converted one of the lead plates into lead peroxide (PbOa), 
and we thus have two dissimilar plates immersed in dilute acid 
as in the case of the simple cell. 

An accumulator therefore differs from a primary cell in that 
electrical energy must first be supplied to the accumulator before 
it can give any out, whereas a primary cell actually generates 
electrical energy from its own internal chemical action. Any 
form of primary reversible cell may thus be used as an accumu¬ 
lator, for, if a current be sent through it in a direction opposite 
to that produced by the action of the cell itself, deposition takes 
place at the natural positive clement, and the natural negative 
element is dissolved. Chemical energy is thereby stored in the 
cell and may be liberated by allowing the cell to discharge in the 
ordinary way. It is generally cheaper, however, to provide new 
electrodes than to produce them electrolytically. 
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In two ways, at least, a practical form of accumulator has been 
devised, the first is known as the “ lead ” cell, and the second 
as the ‘‘ nickel-iron ” or Edison ” cell. 

The Commercial ** Lead ” Accumulator 

The simple lead accumulator just described is not in a form 
which would prove of much use in practice. It will be readily 
understood that the "reater the surface presented to the elec¬ 
trolyte the greater will be the storage capacity of the cell. For 
this reason tlie practical accumulator is usually made up of several 
positive and negative plates grouped as shown in fig. 45, and 



Fio. io. Accumulator Plates. 


interleaved. There is always one more negative than positive plate 
in order that both sides of every positive plate may be acted upon. 

The positive plate consists of a frame made of lead strengthened 
with antimony, containing a number of holes into which a paste 
made of red lead and sulphuric acid is pressed. 

The negative plate is made of chemically pure lead. Each 
cell consists of one set of positive and one set of negative plates 
fixed in a container, which for use at sea usually consists of a 
lead-lined teak box. As it is extremely important that the 
opposite plates do not touch at any point, separators are intro¬ 
duced which usually take the form of glass rods, perforated 
ebonite or celluloid sheet, or thin boards of specially pre¬ 
pared wood. In the type of accumulator used at sea the 
separators are of the last-mentioned type, and an idea of their 
appearance will be better gathered from the accompanying 
illustration (fig. 46). 

It will be seen that the boards are grooved on either side, this 
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being to allow the acid to have better access to the surface of 
the plates. The plates when packed for transport are generally 
separated by distance-pieces of ordinary wood. These must 
be removed without fail and replaced by the proper separators 
before putting in the electrolyte. The edges of the two kinds of 

plates are prevented from making 
contact along the lead lining by 
means of ebonite sheets at the 
sides, and -by being supported 
on an insulating rack set in the 
bottom of the container, an illus¬ 
tration of which is given (fig. 47). 

The Action of the Accumulator 

When such accumulators are 
received from the manufacturer 
they invariably require a long 
initial charge. That is to say, 
a current from a dynamo or prim • 
ary battery must be sent through 
them for at least thirty hours. 
This current produces chemical 
action, which results in the 
negative plate being reduced to pure lead in a spongy state, 
while the positive plate becomes almost entirely lead peroxide. 

After a normal discharge—that is to say, after as much current 
has been taken from the accumulator as is consistent with the 
well-being of the plates—about half the lead in the negative 
plate and half the lead peroxide in the positive plate is converted 
into lead sulphate. At the same time the strength of the acid 
drops, as part of it is taken up in the formation of this sulphate. 
The strength of the acid is therefore a good indication of the 
condition of the cell. 

When charging, the action is exactly the reverse, the plates 

are once more converted into their 
original state and the acid rises 
to its original strength, provided 
the accumulators are in good 
condition. 

Chemical Equations of Accumu¬ 
lator 

The process of eharging may 
be represented by the chemical 
equations : 

Positive plate : PbS04 + SO^ + 2H2O -f aq = PbOj + 
2H2SO4 + aq. 

Negative plate ; PbS04 + ^^2 + aq = Pb + II2SO4 -f aq. 
and the process of discharging by 
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Positive plate : PbO^ + H2SO4 + + aq = PbS04 -f 

2H2O -j- aq. 

Negative plate : Pb + H2SO4 O + aq = PbS04 + 
H2O -j- aq. 

where aq. represents water in the eleetrolyte. 

For simplifieation, the prelimi¬ 
nary reduction of the pasted 
positive plate from red lead 
(Pb304) to lead peroxide (PbOa) 
is not given. 

Thus during charge, the elec¬ 
trolyte gains sulphuric acid and 
its density rises, while during 
discharge, the reverse operation 
takes place. 

Charge and Discharge Curves for Lead Cell 

Charge and discharge curves for a lead cell are given in fig. 48 
above. 

The storage capacity of a battery is stated in ampere-hours, 
and as a very rough rule if the discharge rate is increased, the 
time of discharge is decreased in the same proportion. 

The Hydrometer 

An instrument called a hydrometer is used for testing the 
specific gravity of the acid. It 
indicates the proportion of the 
weight of a given volume of the 
liquid to the weight of an equal 
volume of water at the same 
temperature. Different types of 
accumulators require acid of 
slightly different strength. That 
made by the Chloride Accumu¬ 
lator Company requires acid of 
an initial specific gravity of 1.215. 

That is to say, if one cubic 
centimetre of water weighs one 
gramme, one cubic centimetre 
of this acid weighs 1.215 
grammes. 

There are several different 
types of hydrometers. When a 
body floats in any liquid we know 
that the weight of the liquid 
displaced is equal to the weight 
of the body. A simple liydro- 
meter may therefore be made as follows : into a tube, A (fig. 49), 
a sulficient quantity of lead shot is placed—held in position by 

55 



Fig. 10. Construction of Hydrometer. 



Fig. 48. Charge and Discharge Curves 
for Lead Cell. 
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f araffin wax—^to make it float in water up to, say, the level B. 
f this water be at a temperature of 4 degrees centigrade this 
level represents a specific gravity of 1. Different standard 
solutions of known specific gravities may then be taken, and it 
will be found that the tube will float in them so that more or less 
of it will be immersed. Thus in alcohol and certain oils the 
tube would sink deeper because their specific gravities are less 
than that of water. In a solution of salt or sulphuric acid the 
tube would be less deeply immersed, indicating a greater specific 
gravity. If then, as stated above, certain standard solutions 
be taken, a graduated scale can very easily be marked on the 
outside of the tube. For taking the specific gravity of the acid 
in accumulators this type is not very convenient, as the plates 

usually occupy all the space 
in the container. An alter¬ 
native form of hydrometer is 
therefore very often employed. 
This consists of a glass tube 
as shown in fig. 50, fitted at 
one end with a rubber tube 
and at the other end with a 
rubber bulb. Inside this glass 
tube is tlic hydrometer 
proper, which consists of a 
long slender glass float 
weighted at the lower end and 
provided with a scale so grad¬ 
uated that the depth the 
instniment sinks in the liquid 
indicates the specific gravity. 
In order to test the spe¬ 
cific gravity of the acid in an 
accumulator, it is only neces¬ 
sary to insert the end of the 
tube in the liquid and to 
squeeze and release the bulb, 
which excludes the air and 
allows a little of the acid to 
fill the tube. The reading on the scale of the hydrometer 
tube gives the specific gravity of the acid. 

Charging 

As previously stated, new cells require a long initial charge 
and great care must be taken that certain conditions are satisfied 
before commencing. The positive pole of the source of supply 
of the charging current must be connected to the positive pole 
of the accumulator battery, and the negative pole to the negative. 
A method of distinguishing the polarity of the charging loads 
has been mentioned under the heading of “ Electrolysis,” where 
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it is stated that f?as will be more freely liberated from the electrode 
in connection with the negative pole of the source of supply. 

In order to test properly for polarity two small pieces of lead 
should be connected to the ends of the two supply mains, these 
pieces of lead forming the electrodes in a simple electrolytic 
cell; a resistance such as a lamp being included in the circuit 
if the voltage is high. It would be seen that the electrode from 
which gas was being evolved less freely would turn brown, due 
to the formation of lead peroxide. As a rule, lead-covered cable 
is used in a wireless installation, and strips of the lead sheathing 
may be conveniently used for this test. Another simple way 
of testing is by pressing the end of the two wires on to a piece of 
damp blue-print paper. The paper under the negative wire 
turns white. 

The positive pole of the accumulator can be recognized as 
follows : It is always of a chocolate-brown colour, and the paste 
can readily be recognized in the 
lead frame. All the positive 
plates in a cell are joined together 
by means of a lead strip, which 
is usually painted red, and the 
pole piece is generally insulated 
from the cover of the container by 
means of a piece of red rubber 
tubing. In the type of accumu¬ 
lator supplied to ships the pole 
piece is of round section, and 
the upper extremity appears as a circle (fig. 51 (a)). 

All the negative plates are similarly joined together by means 
of a lead strip or bar, but in this case it is painted black, and the 
insulating tube is of black rubber. The pole piece is generally 
filed in such a manner that its upper extremity appears as in 
fig. 51(5). 

The outside of the container and cover are also marked with 
the following signs : 

Positive Negative — 

When building up an accumulator cell great care must be 
taken that the plates are so placed in the container that the poles 
coincide with these marks. Before making the actual connections 
between the dynamo and the accumulator battery, it is necessary 
to see that the terminal pressure of the former is greater than that 
of the battery. Otherwise the battery would discharge itself 
through the dynamo, as its pressure is acting in an opposite 
direction to that of the charging current. 

Assuming then that the charging current at our disposal is 
of suitable power (its voltage should be at least 10 per cent, 
higher than that of the battery), the acid is put into the cells 
until it rises about half an inch above the level of the top edges 
of the plates, and the connections are made. The reason that 
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Fig. 51. Positive and Negative Poles 
of Ship Accumulator. 
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the adding of the acid is left until all else is ready for the commence¬ 
ment of charging is that it would needlessly attack the lead 
plates if added earlier. 

Suitable measuring instruments are used in the circuit, which 
indicate when the battery is fully charged or discharged. 

An instrument called a voltmeter indicates the potential 
difference, but in order that this reading may be a true indication 
of the condition of the cell it must be taken when the cell is 
delivering current. When the cell is not delivering current jt 
usually shows a pressure of two volts, which does not depend 
much upon the extent to which the cell has been charged or 
discharged. If a cell gives a pressure much below two volts 
when no current is passing it is usually in a very bad state. 

As the process of charging continues, it is found that the specific 
gravity of the acid slowly rises. The voltage also rises, slowly 
at first and then more rapidly, until the difference of pressure 
between the poles of each cell is about 2.6 volts. 

Now the specific gravity of the acid rises most rapidly in the 
parts adjacent to the plates. The difference of pressure depends 
to a great extent on the specific gravity. When the charging 
is stopped the specific gravity of the acid becomes uniform, 
and that of the part adjacent to the plates is slightly lowered, 
with a resulting decrease in pressure, and it is found that shortly 
after cutting off the charging current from a fully charged cell 
its potential difference drops to about 2.1 volts. If the voltage 
of a cell fails to rise properly towards the end of the charge it is 
an indication that it is in a bad state. 

Gassing 

A cell is fully charged when the specific gravity of the acid 
ceases to increase. After this point is reached the charging 
current is only being used to decompose the water in the cell 
into hydrogen and oxygen. Bubbles of these gases then rise 
to the surface. Usually there is a suilicicnt number of these 
small bubbles at the end of a charge to give the acid quite a milky 
appearance. The current required for charging accumulators 
varies in different makes, and of course the supply has to be 
regulated in accordance with the makers’ instructions. When 
the correct charging current is used and the cells are gassing 
freely at both positive and negative plates, the current should 
be reduced to one-half and charging be continued until they once 
more begin to gas. At this point charging should be stopped. 

Discharging 

The value of the current taken from the accumulators must 
not exceed the maximum specified by the makers. As the dis¬ 
charge continues, the specific gravity and the voltage slowly drop. 
This drop must not be allowed to fall below certain limits. The 
voltage of a cell when delivering normal current should never be 
allowed to fall below 1.85 and the specific gravity below 1.170. 
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F ault 8— Sulphatin g 

The most common fault is known as sulphating. When the 
cell is being discharged it has been stated that lead sulphate 
forms on both plates. This lead sulphate is in such a form 
that it is easily soluble during the charging process under normal 
conditions. When a cell is discharged below the limits given, 
or even when a discharged cell which has not been allowed to 
discharge below these limits is left inactive for any length of 
time, the sulphate appears to work out to the surface of the 
plates in the form of crystals, which arc almost insoluble and very 
difhcult to remove. This sulphate is a very poor conductor, and 
offers great resistance to the passage of the current, and conse¬ 
quently the cfTicicncy of the cetl is very much impaired. 

A sulphating cell may be easily detected because the specific 
gravity of the acid at the end of a charge will be less than it was 
at the end of the first charge. This is because the plates have 
not liberated as much acid during charge as they took up during 
discharge, as part of the acid has been used to form the insoluble 
sulphate. The remedy for this is extra charging. The faulty 
cell must be cut out of the battery after a charge and replaced 
during the next charge. When a cell is very badly sulphated the 
sulphate is seen adhering to the plates, and it is extremely diffieult 
to remove. In fact, it is often found cheaper to supply new plates. 

Buckling 

When lead or lead peroxide is converted into lead sulphate, 
the latter has a much larger volume than either of the former 
materials. Actually the volume of lead sulphate is about twice 
the • volume of a corresponding quantity of lead peroxide and 
about three times the volume of a eorresponding quantity of 
metallic lead. When, therefore, an accumulator is discharging, 
the paste in the positive plates and the lead in the negative plates 
gradually expand. This expansion has a great tendency to cause 
buckling of the plates, and is largely responsible for the dropping 
in voltage during discharge. As the material expands it closes 
up the pores, thus preventing the acid from coming into contact 
with the whole amount of active material. This expansion of 
active material, together with violent gassing and local action 
—which is an action similar to that described in connection with 
the primary cell—results eventually in the disintegration of the 
plates. 

In the type of accumulator supplied with wooden separators 
the buckling and disintegration are to a certain extent prevented. 

If any foreign conducting matter is allowed to fall between 
the opposite plates the resistance at thrs point is lessened, and 
unequal action takes place with unequal expansion of different 
parts of the same plates, and a consequent twisting or buckling 
ensues. 
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Local Action 

Another type of local action than that already explained takes 
place in an accumulator. This takes place between the lead of 
the positive plate and the lead peroxide with which it is coated. 
This action is lessened more or less by the coating of lead sulphate 
which the action itself causes to be formed on the lead. 

In order to reduce local action as far as possible great care 
must be taken that the electrolyte is as pure as possible when 
it is first made up, and that no metallic impurities are allowed 
to fall into the cell when in use. 

Evaporation 

The liquid in the cell gradually shrinks in volume. This 
shrinkage is usually due to evaporation of water, and must be 
compensated for by the addition of pure distilled water. Some 
loss also takes place on account of the splashing caused by gassing, 
but splash boards are usually supplied which fit closely over the 
top edges of the plates, and this loss is very small. Should any 
of the acid be accidentally spilled, dilute acid of the original 
specific gravity must be added. 

Growths on Plates 

If a flake of paste from the positive plate falls on to the negative 
plate it will discharge itself as well as that part of the plate on 
which it has fallen. During the next charge this projecting 
flake will be converted into spongy metallic lead, and during the 
ordinary working of the cell will tend to grow larger and larger, 
and if not removed may finally short circuit the cell by touching 
the opposite plate. 

The Management of Accumulators 

Cells should not be discharged at a greater rate than that 
specified by the makers, nor should the discharge be continued 
beyond the point at which the voltage during discharge has 
dropped to the limit mentioned—i.e. 1.85 volts. 

Cells should not be allowed to remain discharged longer than 
necessary, and when they are charged they should be fully charged 
at a rate not exceeding that specified ; and prolonged or violent 
gassing should be avoided. 

A watch should be kept on the specific gravity of the acid in 
each cell when the charge is apparently complete. If it is not up 
to standard strength in any cell that cell should be cut out of 
circuit during discharge and replaced during the next charge 
in order to remove any insoluble sulphate by extra charging. 
The action of sulphating is also indicated by an abnormal dropping 
of the voltage during discharge. 

The level of the electrolyte must be kept above the tops of the 
plates as explained. 

The cells should be regularly inspected to see if there are any 
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flakes or growths in such a position as to be liable to short-circuit 
the cell. If found, they should be scraped off. The terminals 
should be coated with Vaseline to prevent sulphating. 

Treatment of Cells When Not in Use 

When a battery is to be left for any considerable time in an 
inactive state special steps must be taken to prevent deterioration. 
If it is to be left for only a month or so it is only necessary to give 
it an extra charge after seeing that each cell is in a good condition. 
Should it be left for a longer period than this the following steps 
should be taken. j 

The battery should be given an extra charge, and after care 
has been taken that every cell is in a good condition, the acid 
should be poured off and the plates, where possible, placed to 
soak in pure distilled water for about twenty-four hours. They 
should then be taken out of the water and allowed to dry, after¬ 
wards being replaced in the dry containers until required for 
further use. On being brought into active service again they 
must be given a long charge, as it is necessary to remove certain 
salts from the negative plate which are formed by oxidization 
due to exposure to the air. 

In cases where it is possible to give the battery a prolonged 
charge about once a month, it is quite unnecessary to remove 
the acid, etc., as such periodic charging, combined with an 
occasional complete discharge, will keep it in a good condition 
for an indefinite time. 

The Character of the Lead Accumulator 

Certain disadvantages attend the use of the lead cell, the most 
important of which are as follows : 

1. Acid is used as the electrolyte. 

2. The plates are weak mechanically. 

3. The cells are very heavy. 

The advantages of the lead cell are : 

1. The voltage is very constant. 

2. The voltage is high per cell. 

3. The internal resistance is low. 

It is due to these last facts that the lead cell will probably 
never be entirely supplanted. 

The Nickel*«Iron Accumulator 

A type of accumulator invented in its original form by Edison 
and recently elaborated, possesses many advantages over the 
lead cell. The cell—sometimes known as the nickel-iron cell— 
has for its positive electrode, a plate of nickelled steel which is 
impregnated with nickel hydroxide. The negative plate consists 
of iron and cadmium oxides contained in a nickelled steel frame- 
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work. The electrolyte consists of a solution of potassium 
hydroxide. 

Many cells of this type are sold, perhaps the best of which are 
“ Nifc ” cells, which operate on the Edison principle but which 
have been much improved. 

In this type of cell, the positive plates are separated from the 
negative plates by means of hard rubber strips, and the plates 
of similar polarity are connected to a rod which is taken up to 
the terminal of the cell. The container is made of steel, all joints 
being welded to eliminate leakage of electrolyte. All the steel 
used in the manufacture of the cell is treated with a special 
electrolytically deposited coating of nickel to prevent corrosion 
by the electrolyte. 

The electrolytic reactions of this type of cell are too complicated 
to be given in detail. A brief account of the changes involved 
may, however, be beneficial to a fuller understanding of its action. 

The discharged cell contains, in the positive electrode, nickel 

hydroxide in a low degree of 
oxidation. The negative electrode 
contains a mixture of cadmium 
and iron oxides. When charged, 
the oxygen from the cadmium 
and iron oxides is used to oxidize 
the nickel hydroxide, and 
the reduced cadmium oxide and 
iron oxide are left in the negative 
plate as pure cadmium and iron 
respectively. 

It will be appreciated from the 
above description, that unlike 
the lead cell, the electrolyte does not undergo any change in 
the process of charge or discharge. It does not enter into any 
permanent chemical union with the electrodes, but appears to 
function only as a liquid conductor. In view of this, the density 
of the electrolyte does not change appreciably during charge or 
discharge. This although detrimental in some respects, as it 
does not allow the state of charge or discharge to be reckoned 
from the S.G. of the electrolyte, is advantageous in that no detailed 
gravity records need be taken or kept. 

Results show that this type of cell has a fairly uniform discharge 
voltage of 1.2 volts per cell. On charge, however, this voltage 
rises from 1.2 to 1.4 (which value it maintains for some time) 
and then to 1.7 volts per cell. 

During charge, some of the water in the electrolyte is 
decomposed and appears as a mixture of hydrogen and 
oxygen. It is therefore essential that some means of outlet 
be"provided for these gases. During discharge, no gas what¬ 
ever is evolved, and the cells may therefore be kept quite 
airtight. 



Fig. 52. Charge and Discharge Curves 
for Nickel-Iron Cell. 
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Charge and Discharge Curves for Nidkelolron Cell 

Charge and discharge curves for an accumulator of this type 
are given in fig. 52. 

Character of Nickel«*Iron Accumulator 

The nickel-iron cell possesses many advantages over the lead 
cell, chief among them being : 

1. No harm can be done to the battery by either over¬ 
charging or over-discharging. 

2. No acid is used in the electrolyte. 

3. The batteries arc stronger mechanically. 

4. Upkeep is cheaper as the cells do not require so much 
attention. 

5. No gases are evolved during discharge. 

The disadvantages of the cell are : 

1. The irregular form of the voltage time curve when on 
charge or discharge, and in particular the large drop in 
voltage at the commencement of the discharge. 

2. The larger number of cells for a given voltage. 

Accumulator Batteries for Ship Wireless Use 

The requirements of wireless sets have been responsible for 
many new types of accumulator design. In the case of the valve 
transmitter which relies on batteries for either filament lighting 
or main power supply, the type of battery generally used on 
board ship is the lead cell which is contained in a lead-covered 
wooden case, the active plates being suitably insulated from 
each other and the case. These batteries are made with capaci¬ 
ties of the order of 200 amp. hours, and are found to be most 
suitable for general work on board ship. The space occupied 
by a bank of say 50 of these cells is not large and very good 
performance can be expected from them. 

In the case of some lifeboat sets, and in other wireless installa¬ 
tions, the Nife battery is used. These cells are provided enclosed 
in a platcd-iron case, and are almost totally enclosed by this 
case. They are made in capacities of the order of 100 amp. 
hours. 

Receiver Batteries 

Accumulators are now almost universally employed for both 
high tension and low tension supplies for multivalve receivers. 
In the case of small ships’ receivers, high tension aecumulators 
are not needed, however, as the drain on the battery is only very 
small and dry cells can therefore be used. 

The advent of the dull emitter valve, needing a^potentialof 
2 volts and passing currents of the order of .06 amp. in the fila¬ 
ment, has been responsible for the production of batteries which 
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have a very large relative capacity, but which can only be used 
at a slow discharge rate. 

The ordinary type of low internal resistance lead cell is not 
convenient for use in cases where only a slow intermittent discharge 
is required, for if such a battery were used, its full capacity could 
not be utilized, as, before it was exhausted, it would have to be 
recharged to prevent sulphation. The batteries mentioned 
above have been specially designed to meet these requirements 
and have specially formed, thick positive and negative plates. 
They can be left inactive for months at a time without suffering 
serious deterioration. 

This type of battery is also made in very small capacities 
to enable it to be used for high tension on receivers or small 
transmitters. The cases are usually cast in glass to contain 
up to 20 or 30 cells and consequently the completed battery gives 
a voltage of up to 60 volts. 

As Edison type batteries (nickel-iron cells) are not able to 
sulphate or to become deficient through being left inactive, the 
ordinary type of cell can therefore be used for slow discharges. 
These batteries are also made in small sizes and mounted in a 
convenient form for the supply of receiver high tension voltages. 
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CHAPTER VII 

MAGNETISM 

E LECTRICITY and magnetism are very closely associated. 

It has so far been possible to study the production and 
the effects of electric currents without reference to magnetism, 
and it is now proposed to apply the same method to magnetic 
phenomena by discussing that section of the subject which can 
be studied without reference to electric currents. 

Lodestone 

In certain parts of the world—notably Norway, Sweden, and 
parts of America—a peculiar type of iron ore is found. If a piece 
of lodestone be suspended so that it is free to turn in a horizontal 
plane it takes up a position with its longer axis pointing north 
and south. The ancients utilized this property of the ore as a 
means of guiding their ships across the wide tracts of ocean, and 
for this reason it became known as leading-stone, or lodestone. 
Originally the mineral was found mostly in Magnesia, in Asia 
Minor, and it is from this source that such words as magnet, 
magnetism, magnetic, etc., have been derived. Lodestone has 
the power of imparting this property of magnetism to certain 
other substances. 

Artificial Magnets 

If a rod of hard steel be stroked continuously in the same 
direction with a piece of lodestone, after a while it will be found 
that the steel possesses similar evidences of magnetization. If 
suspended by means of a thread, it will be found to always point 
in a northerly and southerly direction. It will be found to possess 
the power of picking up pieces of iron or steel, and if it be plunged 
into a quantity of iron filings and withdrawn it will be seen that 
the filings have adhered to it, particularly at two well-defined 
points. These points are known as the poles of the magnet, and 
are called the north-seeking and south-seeking poles, or simply 
the north and south poles respectively. 

The First Law of Magnetism 

If two such steel magnets be taken and one of them be sus¬ 
pended, on bringing the second one near it in various ways, 
the following effects are produced. 

On approaching the north pole of the suspended magnet with 
the north pole of the other, the former swings round in a direction 
which places its north pole as far away as possible from the 
approaching north pole of the second magnet, 

65 



HANDBOOK OF TECHNICAL INSTRUCTION 

A similar effect is produced when the south pole of the free 
magnet is made to approach the south pole of the suspended 
magnet. When the north pole of the free* magnet is brought 
towards the south pole of the suspended magnet the latter is 
found to swing so that it comes to rest in a position as near as 
possible to the approaching north pole. 

From these facts we see that— 

1. Like poles repel each other. 

2. Unlike poles attract each other. 

Of course, although the north-seeking pole is usually termed 
the north pole, it is in reality a south pole, and the south-seeking 
pole is really a north pole. This will be readily understood 
Avhen it is remembered that unlike poles attract. 

Magnetic Induction 

If a steel magnet be taken and a piece of soft iron be placed in 
contact with it or in close proximity to it, this piece of iron is 
found to possess magnetic properties, and it can l^c proved that 
the end of the iron nearest the ]X)le of the magnet possesses 
opposite polarity to that pole. 

It is said that magnetism has been induced in this piece of 
iron. If the magnetizing influence be removed, by either taking 
away the magnet or the piece of iron, the latter will be found 
to contain no remaining trace of magnetism, or at least very little. 

On performing the same experiment with a piece of hard steel, 
however, it is found that it retains a certain amount of magnetism 
even after the magnetizing force has been removed. This mag¬ 
netism is called residual magnetism, and it is found that the 
harder the steel used the greater is the amount of this residual 
magnetism. 

Under the heading “ Artificial Magnets ” it was stated that 
a piece of hard steel could be magnetized by stroking with a 
magnet. If the same experiment is tried with a piece of soft 
iron no or very little permanent magnetization results. 

Theory of Magnetism 

When a steel magnet is subjected to blows from a hammer 
it is found to lose its magnetism. When a piece of steel which 
is undergoing the process of magnetization is tapped with a 
hammer in a certain way the magnetization is accelerated. 

When a magnet is heated to a red heat it loses its magnetic 
properties. 

When a very long magnet, say a magnetized knitting-needle, 
is broken up into a great number of small parts, each part is 
found to be a complete magnet in itself. 

All these facjts agree with the theory that has been put forward 
in explanation of magnetism. It is thought that all the mole¬ 
cules, or crystal groupings of molecules, in a magnetic substance 
are complete permanent magnets. Under ordinary circumstances 
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these infinitely small, permanent magnets are lying in a haphazard 
fashion in all sorts of directions, so that the resultant magnetic 
effect is nil. 

Under the influence of some strong magnetizing agent, however, 
the molecules are rearranged so that they are lying in symmetrical 
lines throughout the length of the magnetic substance in such 
a manner that the unlike poles of each adjacent molecule are 
together. The accompanying 
diagram will help to explain this 
idea (fig. 53). 

It will be seen from this theory 
that it is impossible to have a 
magnet with only one pole. 

This theory is quite consistent 
with the behaviour of steel and 
soft iron under magnetizing in¬ 
fluences, for it can be readily 
understood why hard steel, in 
which the molecules are more closely paeked than in soft iron, 
takes a stronger force for the rearrangement to take place. At 
the same time, once this rearrangement has been accomplished it 
requires a correspondingly great force to place the molecules in 
their original state of chaotic disorder, thus explaining why hard 
steel retains its magnetic properties indefinitely. 

Lines of Force 

As a magnet has the power of inducing magnetism in a neigh¬ 
bouring piece of iron, its force must be exerted at a distance, 

and we can easily find in what 
manner this force is distributed 
round a magnet. 

Let us take an ordinary bar 
magnet and lay over it a sheet 
of stout paper. If then a pepper¬ 
box filled with fine iron filings be 
used to sprinkle the filings over 
the paper, each separate filing, 
under the influence of the mag¬ 
net, becomes a small magnet, 
and the filings arrange them¬ 
selves with unlike poles together 
along certain lines closed upon 
the ends of the bar magnet, as in fig. 54. We thus see that the 
force of a magnet appears to be along these lines defined by the 
filings, and consequently these lines are called lines of force. 

Attraction and Repulsion 

By taking different combinations of magnets we can use the 
filings to demonstrate the effect of one magnet upon another, 
and so on. For instance, fig. 55 shows the lines from two like 
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Fio. 54. Magnetic Field Round Bar 
Magnet. 



Fig. 53. Molecular Arrangement in Iron 
Before and After Magnetisation. 
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poles being diverted into a plane at right angles to the length of 
the magnets, and this behaviour indicates the repulsive force 
which exists between the two like poles. 

In the next diagram (fig. 56), the unlike poles of two bar magnets 
arc adjacent to each other, and the lines appear to stream across 
from pole to pole. They may be likened to stretched elastic 
threads which tend to sliorten and draw the two poles nearer 
together. Thus unlike poles attract one another. In order to 
sliow that the lines of force do not exist only in one plane, but 
tliat they pass through the medium surrounding a magnet in all 
directions, the experiments shown in fig. 57 {a) and {b) may be 
made. In fig. 57 {a) the filings erect themselves when the paper 
is held over the end of one pole of the magnet; and in fig. 57 {b) 
where the paper is slipped over the end, the filings radiate from 



Fio. 55. Magnetic Field Between Like Fio.50. Magnetic Field Between Unlike 

Poles. Poles. 


the pole in the plane of the paper which is at right angles to the 
length of the magnet. 

Again, if we take a bar magnet with a piece of iron near one of 
its poles we find the distribution of the lines of force very much 
as shown in fig. 58. The lines of force appear to be bent over 
from their original position as though the piece of iron offers an 
easier path, or, in other words, as though the piece of iron has 
the power to concentrate the lines of force through a smaller space. 

Permeability 

The property possessed by magnetic substances of concentra¬ 
ting the lines of force is known as permeability. It is found 
that soft iron has much greater permeability than steel, by which 
we mean that it has a much greater concentrating effect on tlie 
lines of force than steel. 

As the magnetizing force increases, so does the permeability 
up to a certain point; it then commences to decrease. This 
implies, that after a certain strength of magnetizing force has 
been reached, any further increase will not result in any large 
increase of the number of lines passing through the iron. The 
latter is then said to be in a state of magnetic saturation. 
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Magnetic Field 

The whole medium which is permeated or occupied by 
magnetic lines of force is called a magnetic field. Magnetic 
fields are compared one with another in terms of their inten¬ 
sity. A magnetic field of unit strength is one in which only 
one line of force exists per unit area. That is to say, that if 
a plane at right angles to the direction of the lines of force be 
taken and divided up into squares measuring one centimetre 
each way, in a field of unit intensity only one line of force 
would i)ass through each square. Thus if, say, ten lines of 
force exist per unit area the field is said to be more intense than 
one in which less than ten lines exist. 

Terrestrial Magnetism 

The earth behaves as if it is a huge magnet. It has a north 
and a south magnetic pole, between which poles exist lines of 
force similarly disposed as in the ease of a bar magnet. 


' I i 


Fig. 58. Distortion of Field duo to Soft 
Iron. 

A compass needle or any suspended magnet always sets itself 
along these lines of force. 

The magnetic poles are situated at some distance from the geo¬ 
graphical poles, and from London the north magnetic pole is some 
16j degrees to the west of the true north. This angle is called 
the angle of declination, and is found to vary from year to year. 

If a magnet be suspended in such a manner that it can swing 
in a vertical plane, even though it be perfectly balanced before 
being magnetized, it is found to incline towards the north pole. 
The angle of inclination is called the angle of dip, and at the 
north magnetic pole the needle is found to point Straight 
downwards. 

In diagrams illustrating magnets and the lines of force set up 
by theni, it is usual to fix arrow-heads to the lines. This does 
not indicate a flow along these lines, but merely shows the 
direction of the force exerted. 

The force is always exerted in a direction from the north pole 
to the south pole outside the magnet, and from the south pole 
to the north pole inside the magnet, and is therefore the direction 
in which a little north pole would move if placed on the line of 
force outside the magnet. 



Fig. 5T. Magnetic Field llound One Polo 
of Magnet. 
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CHAPTER VIII 

ELECTRO MAGNETISM 
Magnet Deflected by an Electric Current 

I N this chapter, we shall examine the manner in which an 
electric current is found to be associated with a magnetic 
field, and the various ways in which tliis intimate relationship 
is made apparent. 

If a magnetic needle be placed directly over a wire carrying a 
current, and in such a manner that its axis is parallel to the 
wire, the needle is found to deflect. 

The direction of this deflection depends on the direction of 
the current through the wire and on the position of the poles of 
the needle. 

Ampere’s Rule 

The famous scientist whose name has been given to the unit 
of current, formulated a rule by which the relation between the 
deflection and the direction of the current can be very easily 
remembered. 

If a man were to swim along a wire in the direction of tlie 
current-flow, facing the needle, and with his hands outstretelicd, 
the north pole of the needle will always turn to his left hand. 

If now a wire be taken of such a sliape that after the current 
through it has passed in one direction over a magnetic needle 
it can pass in the directly opposite direction under tlie needle, 
whatever the power producing this deflection may be it should 
now have a greater effect. For, a])plying Ampere’s rule, the 
swimmer would now be on his back and his left hand would be 
in the same direction as that already taken by the north pole 
of the needle. 

Galvanometer 

If then we take a coil of wire, wound as in the accompanying 
diagram (fig. 59), a small current produces a suflieicntly accumu¬ 
lated effect, after passing through the many turns, to cause a 
considerable deflection of the needle. 

This arrangement is used largely to detect the presence of a 
current, when it is made up into a convenient form and called a 
“ galvanometer.” More will be said on this subject later. 

Current Associated with Magnetic Field 

Just as a magnet has been shown to have the power of inducing 
magnetism in a piece of iron at a distance from it, so a current 
passing through a wire has this power. 
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A very simple experiment sufficiently demonstrates the fact 
that magnetic lines of force are set up by the passage of a current. 
In fig. 60 , a wire is shown passed vertically through a sheet of 
stiff paper. If a current be now forced through the wire, and 
iron filings be scattered over the 
paper, they are found to take up 
a position in the form of con¬ 
centric circles with the wire as 
a centre. It is found that if the 
current be increased the influence 
over the iron filings is more 
strongly marked, and that if it 
be decreased the opposite effect 
is produced. 

Each of the iron filings whilst 
under the influence of the current 
possesses the properties of a small 
magnet, and if the polarity of 
these magnets be examined it is 
found to depend upon the direc¬ 
tion of the current. The figure 
shows the corresponding polarity 
or direction of strain along the 
lines of force for the two direc¬ 
tions of current along the wire. 

Maxwell’s Corkscrew Rule 

The ' following is an easy [_ 

method of remembering the rela- Fig. go. Magnetic Field around a W ire 
tive directions of current and lines Carrying Current, 

of force. If we screw a corkscrew 
in the direction of the flow of 
current the corkserew rotates in 
the direction of the magnetic lines. 

The Solenoid 

If a piece of wire be wound in 
the form of a helix, as in fig, 61, 
and a current be passed through 
it, it is found to act in the same 
manner as a bar magnet. Such 
an arrangement is called a sole¬ 
noid, and it is seen by applying 
the law just given that the lines 
of force produced around each adjacent turn of wire will give 
resultant lines of force passing through the centre or along the axis 
of the coil. If this arrangement be suspended so that it can 
swing in a horizontal plane, it will take up a position pointing 
north and south. The polarity of course is decided by the 
direction in which the current is passing through the wire. 
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Fig. 59. Galvanometer Coil and Needle. 






HANDBOOK OF TECHNICAL INSTRUCTION 


Electro**Magnet8 

Now let us take a single turn of wire round the edge of a thin 
disc of iron and cut the whole arrangement in two along a dia¬ 
meter on the disc. We should then have a sectional view as 
shown in fig. 62. 

Imagine that it is possible for us to pass a current through 
this half-turn of wire and let us examine the effect. The lines 

of force set up in the form of 
concentric circles round the wire 
cut through the iron disc, and in 
doing so convert eacli part into a 
small magnet, so that the disc 
becomes a bundle of very small 
magnets all lying with their 
north or south poles uppermost, 
according to the direction of the 
current. If now we take a great 
number of similar arrangements 
we should have the equivalent of a bar of iron wrapped round with 
a coil of wire (fig. 63), and we should have the small magnets lying 
in a similar position to that taken up by the molecules of the bar 
magnet, as explained under the heading, “ Theory of Magnetism,” 

A bar or rod of iron round which is wound a coil of wire con¬ 
veying a current is called an electro-magnet. 

Now, in the previous chapter it has been explained that the 

permeability of iron enables it 
to concentrate lines of force. 
It will be easily seen, therefore, 
that we have here a means of pro¬ 
ducing a very powerful magnet. 

As was explained a little way 
back, the intensity or strength of 
the magnetic field depends upon 
the strength of the current pro¬ 
ducing it. In the case under 
__consideration, therefore, any in- 

Fio. 03. A MuUi-Tum Electro-Magnet, crcasc in the current will produce 

a corresponding increase in the 
magnetism of the iron bar. Again, if we increase the number of 
turns of wire round the bar we have a greater number of lines 
of force passing through it. 

We can say, then, that within certain limits the strength of an 
electro-magnet depends on the number of amperes flowing and upon 
the number of times these amperes pass round it, or, as it is more 
usually expressed, the strength depends on the “ ampere-turns.” 

Permeability 

We shall now examine in more detail the behaviour of iron 
when subjected in a solenoid to a magnetizing current. 
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The magnetizing force, which is denoted by the symbol H 2 
is given by the product of current I, and turns N, or H oc N I, 
Further, as the strength of the magnetic field produced by a 
solenoid in air, which is called the Field Intensity, is also given 
by this same product, the symbol H is used in addition to repre¬ 
sent field intensity in air. 

If we take a long solenoid with an iron core, and pass currents 
of different values through it to magnetize the iron, it will be 
found that the values of the strength of the magnetic field in 
the iron, which is called the Flux Density, and is denoted by the 
symbol B, compared with the values of the strength of the 
magnetic field in air H, for the different magnetizing forces 
applied will produce curves similar to one of those shown in 



Fig. 04. Magnetization “ B-H Curves, 

fig. 64. The “ B-II ” curves of fig. 64 show, for instance, 
that the ampere turns which produce a field strength of 5 lines 
per sq. cm. when the solenoid has an air core, produce a field 
strength of 11,500 lines per sq. cm. in a soft iron core placed in the 
solenoid. But when a cast iron bar is used an H value of 5 
corresponds to a B value of 3,400, or again, when a bar of steel 
is used, an H value of 5 corresponds to a B value of 1,100. The 
relation of the magnetic field strength produced in any material to 
the field strength produced by the same magnetizing force in air is 
called the “Permeability ” of the material, the symbol for which is [x. 

Then [^ == g Thus the permeabilities of the soft iron, cast iron, and 

steel samples quoted above for a magnetizing force H of 5, are 
Soft iron = 2,300 
Cast iron = 680 

Steel = 220 
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The curves of fig. 64 show, however, that permeability varies 
for each material with the magnetizing force. 

Consider the curve for soft iron. It commences to rise slowly, 
then steeply, finally bending over until it is almost horizontal. 

Saturation 

When the rise becomes very gradual or almost ceases as for 
values of H exceeding 20, the iron is said to be saturated. 
Saturation occurs at about 15,000 lines per sq. cm. for soft iron, 
which is more than twice the saturation value for cast iron. 
In the designing of an electro-magnet, account must be taken 
of the saturation point, for with a given current, any increase 
of turns above a certain number would be so much waste copper. 
Retentivity 

A piece of soft iron loses almost all its magnetism as soon 
as the magnetizing current is switched off. Its retentivity is 
low. That part which remains is called Residual Magnetism. 
For certain pieces of apparatus, such as transformers, which are 
discussed in a later chapter, this is a very important point. 

A piece of steel, however, retains a large proportion of the 
magnetism after the magnetizing current is switched off. Its re¬ 
tentivity is high as its residual magnetism is high. Steel is there¬ 
fore used to make permanent magnets. 

Cycle of Magnetization 

Let us now consider what happens to a piece of iron when 
it is subjected to a magnetizing force first in one direction, in¬ 
creasing to a maximum and then diminishing to zero, and 
next in the opposite direction, increasing again to a maximum 
and finally diminishing once more to zero. When the current 
through the magnetizing coil is first switched on and is then in¬ 
creased so that the value of 11 increases, the (lux density B 
which results gives rise to the magnetization curve OAC (fig. 
65), which is of the same type as the magnetization curves shown 
in fig. 64. 

Having arrived at C, which is somewhere near the saturation 
point for this particular specimen of iron, if we now slowly 
reduce the magnetizing force H, we shall find that the values of 
B do not fall on the curve OAC, when plotted against H, they 
produce a new curve CD which at zero magnetizing force shows 
that the iron still retains a large proportion of its flux. This is 
the Residual Magnetism of the specimen. 

On reversing the current producing the magnetizing force, 
the residual magnetism gradually disappears as the current is 
increased, and at length reaches zero at the point E. 

It will be noted that a considerable demagnetizing force had 
to be employed to completely remove the residual magnetism, 
and this demagnetizing force as indicated by the value at E 
measures the “ coercive force ” of the specimen, or the strength 
with which the specimen holds its residual magnetism. 
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The effect of still further increasing the magnetizing force in 
the direction Hi, is to cause the iron to be magnetized in the 
opposite direction until with a sufficiently high value of Hi, 
the iron becomes saturated at some point F. If we make the 
maximum value of Hi, at which measurements are taken, the 
same as the maximum value of II, and then commence to reduce 
the magnetizing force once more to zero, the part FG is added 
to the magnetization curve which will be found to be similar to 
the part DC, also the residual magnetism has a value G equal 
to the original value D, but the sample will be magnetized in 
the opposite direction. 

We have now to start again with the magnetizing force once 
more in the original direction, and it will be found that as it is 
increased, a closed curve is 
completed by the addition of 
the section GKC. 

The iron will then have been 
taken through one complete cycle 
of magnetization. 

The original magnetization 
curve OAC can only be repeated 
by completely demagnetizing the 
iron so that at zero magnetizing 
force there is no magnetic flux. 

From the description given 
above of the behaviour of iron 
as it is taken through a com¬ 
plete cycle of magnetization, it Fig. Go. A Complete Cycle of Magnetiza- 
will be seen that the molecules tiono ron. 

of iron appear to resist any change in their magnetic state, so 
the magnetization itself always lags behind the magnetizing forc£. 

Hysteresis 

This lag is called “ hysteresis,” and the closed curve of fig. 65 
is called a “ hysteresis loop,” and inasmuch as its area is deter¬ 
mined by the residual magnetism and the coercive force required 
to remove it, this area actually represents so much energy ex¬ 
pended on the iron in changing the position of the molecules to 
enable them to pass through one complete cycle of magnetization. 

Iron which is subjected to an alternating current magnetizing 
force, passes through one complete cycle of magnetization for 
every cycle of current, and owing to hysteresis it absorbs energy 
from the circuit every cycle, and this energy is dissipated as heat. 

Electro^Magnetic Induction 

It has already been shown that a magnetic field is set up round 
a conductor through which a current is passing. Faraday dis¬ 
covered that the inverse of this action can take place, and that 
when magnetic lines of force cut a conductor or vary in such a 
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manner that the number of lines cutting the conductor is changed, 
an E.M.F. is induced in that conductor. 

Let AB represent a conductor to the ends of which a sensitive 
galvanometer, G, is connected (fig. 66). If the horsehoe magnet, 
NS, be brought quickly towards the conductor, as shown by the 
arrow, a deflection of the needle of the galvanometer takes place, 
which denotes that a current has been set up in AB. The needle 
is found to return immediately to its original position when the 
magnet comes to rest, thus showing that the current set up is 
only of a momentary nature. 

If the magnet be rapidly withdrawn, a second deflection of 
the needle takes place, this time in the opposite direction, and 
this also is only of a momentary nature. 

During the motion of the magnet the lines of force cut through 
the conductor in varying number. The nearer the magnet is 
brought the greater is the number of lines of force cutting through 
AB, and in accordance with the above law a current of varying 
value is set up. When the magnet has come to rest, the lines 
of force being stationary, no further induced effect is produced, 
and the momentary nature of the current is explained. When 
the magnet is removed the number of lines cutting through AB 
is rapidly lessened and a current is once more induced, but in 
the opposite direction. 

Now if the time occupied in moving the magnet towards the 
conduetor be varied, we find the following effect. The quicker 
the movement the greater is the induced E.M.F. Thus, if the 
movement were to take place in one second, we should find an 
E.M.F. ten times the strength of that which would be produced 
if the movement occupied ten seconds. 

This is expressed in the following important law:—The value 
of the induced E.M.F. is directly proportional to the rate at 

which the magnetic lines cut the 
conductor, and to the number 
of lines cut. 

Now it is readily seen that the 
same effect is produced when 
the magnet is kept stationary 
and the conductor moved, and 
it is on this principle that the 
machine called the Dynamo is 
constructed. And alternatively, 
if both the magnet and the 
conductor remain stationary, 
but the field of the magnet is 
weakened or removed, while this 
is taking place, then again 
an E.M.F. will be produced in the conductor. This is the principle 
of the Induction Coil. 



Fio. 66. Electro-Magnetic Induction. 
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The Induction Coil 

The principle of the induction coil is that a very large number 
of linkages of a magnetic field with a coil of wire are made 
and broken suddenly, and many times per second. As the rate 
of change of the linkages is extremely great, the E.M.F. 
induced is sufiiciently large to produce a spark across the 
terminals of the coil. Fig. 67 illustrates the general principle on 
which the induction coil w'orks. 

P is the winding of an electro-magnet supplied with current 
from a battery R, S is a solenoid consisting of a great number of 
turns of insulated wire. When the circuit is closed by means 
of the key, K, the lines of force set up in the clcctro-magnct pass 
through the coil, S, and induce in it a momentary current. The 
momentary nature of this current is indicated by a kick of the 
galvanometer needle, G, and is due to tlie fact that the current 
very soon reaches a constant strength and the number of linkages 
of lines of force ceases to vary. If the circuit be interrupted, a 
second induced E.M.F. is created in the opposite direction. It 
is found that the ratio between the induced E.M.F. and the 
E.M.F. of the inducing current is approximately the same as 
that between the number of turns in the solenoid and the number 
of turns round the electro-magnet. 

The electro-magnet winding is called the primary, and the 
conductor winding the secondary. A commercial induction coil 
comprises, in addition to the arrangement described, some 
means for making and very rapidly breaking the circuit con¬ 
taining the electro-rnagnct winding and battery. As the magnetic 
Held in the iron core is constantly growing and dying away, if 
the core were solid, this w^ould produce strong eddy current 
heating effects. The core is therefore made of iron wire which 
is equivalent to fine lamination, and this prevents, or very con¬ 
siderably reduces, the eddy 
current loss. A more detailed 
account of an actual coil will be 
given later. 

Transformers 

A piece of apparatus somewhat 
similar in construction to the 
induction coil may be used in 
connection with alternating cur¬ 
rent. Two coils of wire may be 
so arranged that when a current 
passes through one, which we shall call the primary, an induced 
current is set up in the other, which we shall call the secondary, 
at either a higher or a lower voltage than that of the primary 
current. No primary-circuit breaking device is necessary, as in 
the case of the direct-current induction coil, because, as has been 
pointed out, the momentary value of an alternating current 
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is continuously changing, and therefore if such a current be 
used in the primary winding, a continuously varying intensity 
of the magnetic field is taking place. It will be seen that there 
are four consecutive variations in the number of lines passing 
through the coils during one cycle of current. A gradual 
increase in one direction, a decrease in the same direction, an 
increase in the opposite direction, and a decrease in the same 

direction as the last increase. 

If there arc more turns in the 
secondary winding tlian in the 
primary, the secondary voltage 
will be higher, and the trans¬ 
former is called a “ step-up ” 
transformer. If the primary has 
more turns than the secondary, 
the voltage of the latter will be 
» lower, and the transformer is 
called a “ step-down ’’ trans¬ 
former. A part of the primary may be tapped off to form the 
secondary, in which case the arrangement is called an “ auto-trans¬ 
former.” As in the case of the induction coil,' an iron core is used to 
concentrate the magnetic field, and the core is laminated parallel 
to the field to prevent eddy currents in it. In some cases the 
arrangement of the two coils is identical with that of the induction 
coil, when the transformer is said to be of the open-core type (fig. 
68 (a)). Another type of transformer is, however, more generally 
used in which the core forms a continuous iron circuit, the primary 
being wound round one part of it and the secondary round another 
part, as in fig. 68 (6). This is known as a closed-core transformer. 
The open-core type is used only in wireless apparatus of low 
power. 



Fig. 68. Transformer Types: (a) Open-Core 
(b) Closed-Core. 


Eddy Currents 

We have seen that when a magnetic field which cuts a 
conductor changes in intensity, either by growing stronger 
or by growing weaker, or alternatively remaining at the same 
strength, but moving nearer to, or further away from the conductor, 
an E.M.F. is induced in the conductor which results in a 


current if a complete electric 
circuit is provided for it. 

Such currents are not restricted 
to wire circuits. If a sheet of 
metal (fig. 69) is interposed in a 
magnetic field so that it cuts the 
lines of force at right angles, 
circulating currents called “eddy- 
currents ” will be induced in it 
whenever the strength of the field 
through it is varied, no matter 
how this variation is brought 



f. C9. Eddy Currents Produced in a 
Metal Plate by a Varying Magnetic 
Field. 
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about, and weaker currents will be induced in it if the plate cuts 
the lines at an angle but not at right angles. 

Only in the case when the plate is parallel to the lines will 
no currents be induced. As soon as the magnetic field cut by 
the plate reaches a steady value, or disappears, the currents 
cease. While the change in the magnetic field continues, the 
whole sheet of metal may be disturbed by currents of this nature, 
and energy is taken out of the magnetic field to make good the 
wastage caused by the resistance of the plate to the flow of these 
currents, this energy being dissipated as heat. Masses of metal 
forming part of a magnetic or electric circuit which are ex¬ 
posed to a varying magnetic field are therefore laminated 
parallel to the field in order to prevent such losses taking place 
in them. 
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CHAPTER IX 

SELF-INDUCTION 

Inertia 

I T is now necessary to consider a very important property 
possessed by all circuits in which an electric current is 
flowing. This is the property of self-induction, or, as it is more 
briefly called, ‘‘ Inductance.” 

The method adopted in most text-books to explain this property 
is to show the analogy that exists between it and mechanical 
inertia. A brief explanation of what is meant by mechanical 
inertia is therefore necessary. 

When a man jumps on to a bus travelling at a high speed he 
is conscious of having to grip tightly to the rail and feels a strong 
strain on the arms. After a little while he can relax the grip 
and maintain a footing on the vehicle without any difliculty. 
It is seen, therefore, that his body offers some resistance to an 
increase in the rate of motion from a walking or running pace to 
the pace of the bus. Again, if a man steps off the bus when it 
is travelling at high speech he must run a little way or otherwise 
be thrown to the ground. From this we see that his body offers 
some resistance to a change from the high speed of the bus to 
the lower speed of walking. 

Again, we know that a strong force is required to bring a 
heavy vehicle from a position of rest to a state of motion, but 
after the vehicle has once begun to move it only requires a small 
force to maintain this motion. If the force be suddenly removed, 
the vehicle does not immediately come to rest, but, unless brakes 
be applied, continues to move for some time. If some obstacle 
is placed in its way, disastrous results may ensue. 

Now, the property in virtue of which a body resists any change 
of motion is called its inertia. A law showing the relationship 
between the motion, mass of a body, and the force required to 
overcome this inertia is very easily found. 

Mass, Velocity, and Acceleration 

If a mass of one pound be allowed to fall from a height, the 
force of gravity is the only force applied to it causing its motion. 
It is found experimentally that such a mass falls 16.1 ft. during 
the first second after it has been released. During the second 
second it is found to fall 48.3 ft., and during the third second 
it falls 80.5 ft. Its speed is thus increased or accelerated at the 
rate of 32.2 ft. per second per second. The force exerted on the 
mass by gravity is equal to the mass, and in the present case is 

80 



FOR WIRELESS TELEGRAPHISTS 


a force of one pound. If, then, a force of one pound will accelerate a 
mass of one pound at the rate of 32.2 ft. per second per second, 
a force of one pound would orlly accelerate a mass of 32.2 pounds 
at the rate of 1 ft. per second per second. A mass of 32.2 pounds 
is called an engineer’s unit of mass, therefore we ean say that a 
force of one pound is required to give an engineer’s unit of mass 
an acceleration of 1 ft. per second per second. If, then, we say 
a body has m units of mass, we easily see that the force required 
to give it an acceleration of a feet per second per second is 
obtained from the equation : 

F = ma 

Inductance 

The analogy existing between the inductance of an electrical 
circuit and mechanical inertia is so close that a very similar 
equation for an electrical circuit can be stated to the one given 
above. 

Before considering the equation, however, it is better to com¬ 
pare an electrical circuit with the bus spoken of at the beginning 
of this chapter. 

It has been stated that unit current signifies the passage of 
unit quantity past any point in a conductor in unit time. 

That is to say, that current, instead of being expressed as 
amperes, may be expressed as coulombs per second ; or as the 
total electrical mass moved per second. This may be compared 
with the mechanical mass of the bus, if due allowance is made 
for the fact that the mass of the bus is constant whatever its 
speed, whereas the electrical mass in the current increases with 
the electrical speed. 

We have shown that the speed of a bus is only gradually 
acquired on the application of a certain force. We might expect, 
then, that the strength of current in a eircuit gradually rises on 
the application of electrical pressure. Wc have stated that on 
the force being withdrawn from the moving bus it comes gradu¬ 
ally to rest after having travelled some distance. We might 
expect, then, that a current would continue to flow for some time 
after the electrical pressure has been withdrawn. Finally, we 
have stated that if a moving bus is suddenly stopped by the 
interposing of some obstacle a smash takes place.. We might 
then expect that if an attempt were made to stop the passage of 
a current suddenly some analogous display of energy would 
take place. 

It is often very diflicult to find any such results. If an electrical 
circuit supplied with a measuring instrument be suddenly switched 
on to a source of supply, the needle of a well damped instrument 
immediately comes to a fixed position, indicating a steady current. 
According to Ohm’s Law this is exactly what should happen, 
E 

for it states that I = g. If the current be suddenly switched 
off, the needle does not usually indicate a gradual falling of 
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current, neither does this sudden stoppage of the current inmost 
cases bring about anything resembling a mechanical smash-up. 

In a circuit containing a large electro-magnet, however, the 
analogy holds good. The current is found to mount up gradually 
on making the circuit, and on breaking it suddenly the current 
does not cease suddenly, but dies away gradually. 

Experimental Proof of Inductance 

Fig. 70 shows a simple arrangement for demonstrating 
that the current continues to flow even after the supply has 
been cut off. 

Supply mains are connected through a switch to the ends of 
the winding of an electro-magnet, AB. A galvanometer is 
joined across the points. A, B. When the switch is closed a 
current passes through the electro-magnet and part of it through 
the galvanometer, producing a deflection in the latter towards, 
say, the right. The current passes through the electro-magnet 

in a direction from A to B. If 
the switch be suddenly opened, 
the galvanometer needle is found 
to be deflected to the left, show¬ 
ing that the current is still flow¬ 
ing through the electro-magnet in 
the same direction—namely, from 
A to B—and through the galva¬ 
nometer from B to A. 

Again, the third and final effect 
is produced in the form of a 
spark. If the current through 
a very powerful electro-magnet 
be interrupted suddenly, a large 
spark may take place at the point of interruption, and the 
current continuing through the coil may be at a pressure suffi¬ 
ciently powerful to break down the insulation of the windings 
unless special precautions are taken. It is usual in the case of 
large magnet windings to put a resistance across the ends at 
the same time that the circuit is broken, thus allowing a suitable 
path through which the current may expend itself. 

In order to investigate the conditions governing this action 
let us consider the accompanying figure (fig. 71). B is a battery 
connected through a variable resistance, R, and a current¬ 
measuring instrument, A, to an electro-magnet, E. 

Before any current is passing through the magnet windings 
no lines of force exist with the exception of those due to the 
residual magnetism of the core. When the battery is switched 
on a current flows and increases the number of these lines.' Now 
whenever the number of lines of force linked with a conduetor 
is varied, an E.M.F. is induced in that conductor. The effect 
depends on the rate at which the number of lines of force linked 
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with the conductor varies, and if each line of force passes through 
a great number of turns it is linked with the circuit a corre¬ 
sponding number of times. Thus in fig. 72 the thick line repre¬ 
sents the conductor and the thin one a line of force linked with 
it. If the conductor be given three turns instead of two, one of 
the ends must be bent round and threaded through the closed 
line of force again. Thus we see that where two linkages existed 
before three linkages now exist. Therefore, if we gradually 
vary the resistance R, thus by Ohm’s Law gradually varying 
the current through the circuit, we continuously vary the number 
of lines of force linked with the magnet and produce in the magnet 
coils an induced current. 

Lenz’s Law 

Now Lenz experimentally proved that a moving field induced 
by a current, by virtue of its electro-magnetic effect, always tends 
to stop the motion which produces it. The same result follows 
when the inducing current is started or stopped and the circuit 
remains stationary, for the effect on a neighbouring circuit of 
starting a current is the same as when the conductor carrying a 
current, is brought up from an infinite distance. 

Therefore we see that the E.M.F. of the induced current is in 
a direction tending to stop any increase of the original current. 
If the current be slowly decreased, the number of lines of force 
is being altered 'in an opposite sense and the induced E.M.F. 
is consequently reversed. That is to say, the direction of the 
induced E.M.F. is such as to prevent the original current being 
decreased. Now, the rate at which the number of lines of force 
is being changed depends upon the rate at which the current 
is changing. 

If we so arrange our circuit that a current of one ampere flows 
during the first second, a current of two amperes during the 
second second, a current of three amperes during the third 
second, and so on, we can say that we have an electric accelera¬ 
tion of one ampere per second. This can be further expressed 
as an electrical acceleration of one coulomb per second per second, 
and it is seen to be very similar to our expression for the accelera¬ 
tion of mass—i.e. one foot per second per seeond. 



Fio. 71. Experiment on Self-Induction, 
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Unit of Inductance 

Now, the unit of E.M.F., the volt, is the E.M.F. induced in a 
circuit when the number of lines of force linked with it changes 
at the rate of one hundred million, or 10®, per second. 

If we suppose a circuit in which a current of one ampere 
produces 10® lines of force linked with it, we can say that a current 
accelerating in it at the rate of one coulomb per second per 
second is causing an increase of lines of force at the rate of 10® 
lines per second. 

This increase is plainly setting up an opposing E.M.F. of one 
volt, therefore we may say that a pressure of one volt must be 
applied to the original current to overcome this back pressure in 
order to allow the current to accelerate at the rate stated. Such 
a circuit, in which a change of current of one ampere per second, 
causes a hundred million additional or fewer magnetic lines to 
be linked with it, is said to have a unit coefficient of self-induction, 
or unit inductance. The unit of inductance is called the Henry. 

Now if the current in a circuit is accelerating at more than 
one ampere per second, the back or opposing E.M.F. will be 
correspondingly greater. ^Vc can express this by saying that the 
force required to overcome the baek E.M.F. is proportional to 
the rate of acceleration. Again, if the circuit is of such a type 
that the rate of increasing of tlie lines of force is greater than 
10® for an acceleration of one ampere per second, the induced 
back E.M.F. will be still further increased and a corresponding 
increase will be required in the applied E.M.F. to overcome it. 
We can express this by saying that the force required to over¬ 
come the back E.M.F. is proportional to the rate of increase 
of lines of force per unit acceleration. But this rate of increase 
of lines of force divided by 10® gives us the inductance of the 
circuit; therefore we can say that the force necessary to over¬ 
come the back E.M.F. set up in a circuit by a constantly varying 
current through it is proportional to the electrical acceleration 
and to the inductance, or, if a represents acceleration in coulombs 
per second per second and L represents the inductance of the 
circuit, then the force required is F = La, 

This we see is very similar to the equation for the force required 
to overcome mechanical inertia due to mass and mechanical 
acceleration. 

The inductance of a circuit depends on its shaper and on the 
pi’esence of iron in it, as these factors have a determining influence 
on the number of lines linked with a circuit. 

In fig. 73 a length of wire is given one turn round each of two 
pieces of iron. If a current be passed through the wire, it is 
seen that the number of linkages is twice as great as it would 
have been had the wire only been taken round one piece of iron. 
If the wire is taken twice round one piece of iron each turn is 
linked with twice the number of lines and therefore we have 
four times the linkages, so we see that if n turns of wire are 
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taken round a piece of iron in which N lines are set up by one 
turn a total linkage of n^N lines is formed. This is the reason 
that the effects of inductance 
in a circuit containing a large 
electro-magnet are so strongly 
marked. 

The Self'^Inductance of a 
Solenoid 

If we consider the case of a 
solenoid whose length is great 
compared to its cross sectional 
area, of n turns per cm., and 
cross sectional area A, with an 
iron core of permeability fx, it 
may be shown that the self¬ 
inductance of the solenoid, per unit length, will be 
L = 47rn2A/x cms. 

or for a length I 

L = 4^7rn^Alfi cms. 

This expression may be taken as a rough approximation to 
determine the order of the self-inductances used in radio work. 

If the solenoid has an air core ft = 1 and the formula becomes 
L =: 4!TTn^Al cms.* 

For more accurate results, the formula becomes complicated. 
For this reason curves have been drawn up by which the in¬ 
ductance of a solenoid may be obtained easily if its constants are 
known. Such curves have been given from time to time in various 
wireless books and periodicals. 

A formula due to J. H. Ileyncr gives the inductance of single 
and multi-layer coils diiect and is correct over very large ranges 
of dimensions. This is 



Fia. 73. Linkages and number of Turns. 


^ D-2.25d 

L - 0.08 g X 

All dimensions arc as indicated 
in Fig. 78, and are in centimetres. 
L is then given in micro-henries. 
The first term only is required 
for a single-layer coil, the second 
term being a correction for 
multi-layer coils. 

n = number of turns 
D = diameter of coil 
I = length of coil 



The Variometer 

An inductance coil in which 
the total self-induction can be varied continuously by altering 


* 1 cm. = 10 -^ henries = 10-3 micro-henries. 
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the mutual induction between different parts of the coil, is 
called a variometer. 

It usually consists of a fixed coil in series with a movable coil 
on the same axis. 

Growth and Decay of Current in a Circuit containing Inductance* 

If a potential difference be applied across a resistance, the 
current through the resistance will immediately rise to a value 
E 

given by I = where E is the value of the potential difference 
K 

and R is the value of the resistance. When the eireuit is broken 
the current will at once fall to zero. 

If the circuit contains inductance as well as resistance, the 
current takes time to rise to ’the value given above, and con¬ 
versely, when the circuit is broken the current docs not fall 
immediately to zero Vjut decreases at a definite rate. 

The expression giving the value of current at time t after the 
application of the potential difference is 

where R = resistance in circuit 
L = inductance in circuit 
E = potential difference applied. 

Similarly the expression for the current at any time t after the 
opening of the circuit is 

. E 

i t h 

It will be seen that in both cases the rate of rise or fall of the 
current depends on the ratio of inductance to the resistance. 

I---—I When the time elapsed after 


__ - Rt closing the switch is equal to 

I \ 1 

j the current has risen to (1 -), 

/ \ Rt \ ^ 

/ or to about 63 per cent, of its 

L- - final value. This time is known 

t-- constant ” of the 

circuit and is of great use in 
many radio problems. Curves 
n showing the rise and fall of 

/ current in an inductive circuit 

9 are given in fig. 75. 

-o E o-1 The question of energy dis- 

____-_J tributitm during the above 

Fio. 75. The Tiise and Fall of Current phenomena is discussed on page 

in an Inductive Circuit. 

* It is recommended that the student should omit this in a first reading. 
It is put in here, however, to complete the argument. The analogous case 
of condenser discharge will be found on page 142. 

86 


Fio. 75. The Tiise and Fall of Current 
in an Inductive Circuit. 




FOR WIRELESS TELEGRAPHISTS 


CHAPTER X 

DYNAMO ELECTRIC MACHINES 
Conductor Rotating in Magnetic Field 

I F \\c take a coil of wire wliich can be rotated in a magnetic 
field, according to Faraday’s law given on p. 75, Chapter 
VJII, an E.M.F. will be set up in it during rotation, as it would 
be continuously cutting through the lines of force. 

The direction of this induced E.M.F. would vary according to 
the polarity of the magnets producing the field and according to 
the direction of rotation. In fig. 

70 N and S are the poles of two 
magnets. ABCD is a coil of wire 
capable of rotation on a 
horizontal axis XY, which is at 
right angles to the direction of 
the lines of force, shown as dotted 
lines between N and S. 

Fleming’s Rule 

Before discussing the effect 
produced by rotation it is 
necessary that Fleming’s rule 
showing the relationship between 
motion, magnetism, and induced 
E.M.F. should be given. 

Place the thumb, the first, 
and middle fingers of the right 
hand at right angles to each other as in fig. 77, then, if the 
thumb points in the direction of motion, and the first finger in 
the direction of the magnetic lines, the middle finger will point in 
the direction of the induced PIM.F. If the left hand be used the 
law is applicable for determining the direction of rotation 
of a motor. This may be remembered by thinking of “ thuil/b ” 
as representing Motion, and “ Forefinger ” as representing Field. 
Applying this simple rule to fig. 76, we readily see that the 
direction of the induced E.M.F. in ABCD, when moving in the 
direction shown, is as indicated by the arrow-heads, for the lines 
of force in the field are considered lo have direction from the 
north pole to the south pole, as explained on page 69. 

As the portion AB is moving upwards against the lines near 
the south pole, the portion CD is moving downwards through 
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the lines near the north pole, thus the E.M.F.’s produced tend 
to force a current through the conductor in one direction. 

The current only lasts in this direction until the part AB is 
vertically above CD. 

After this position has been passed an application of the rule 
given shows that the current now 
induced in AB is-in the reverse 
direction, and that it continues 
in this direction until CD is ver¬ 
tically above AB. 

A little reflection shows that 
the strength of this current as 
well as its direction varies. 

When the portions marked AB 
and CD are moving through the 
upper and lower parts of the 
circle of rotation, it is seen that for 
a short time they are practically 
moving in a direction parallel 
to that of the lines of force, 
and consequently as the rate of 
cutting is so very slow, the induced E.M.F. is correspondingly 
small. As a matter of fact, when the two parts are vertically 
one above the other there is no induced E.M.F., or, as it is usually 
stated, the E.M.F. has a zero value. 

The rate of cutting gradually increases until the two parts AB 
and CD are exactly opposite the centres of the magnetic poles. 
It is obvious that this is the case, as the conductor at this stage 
of its rotation is cutting the lines at right angles. At this point, 
therefore, we find a maximum induced E.M.F. The value of 
the E.M.F. then gradually decreases until the two parts are once 

more vertically one above the 
other, this time the part that was 
formerly uppermost occupying 
the lower position. 

In fig. 78 the sections of the 
parts AB and CD of the moving 
conductor shown in fig. 76, are 
represented by the points A and 
B. If the conductor be moved 
at a uniform speed it will pass 
into the positions shown at A^B^, 
A 2 B 2 , and A 3 B 3 in equal periods 
of time, as the angle between any 
two adjacent positions is 30°. 

In passing from AB to AjBj 
the number of lines of force cut 
is proportional to the length of 
the line ACj. During the iiext two periods of 80° the cutting 
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Fio. 70. Constrirciion of a Sine Curve. 


of lines is proportional to the lengths of the lines CiCg and C 2 C 3 , 
and it will be seen that these lengths gradually increase through 
the first quarter revolution. 

Thus, to summarize the action, we find that during one-half 
of a revolution an E.M.F. is induced in the conductor which 
starts from a zero value, gradually rises to a maximum value, 
and again gradually falls back to a zero value. 

During the next half-revolution a similar rise and fall of E.M.F. 
takes place, which is, however—as previously pointed out— 
in the opposite direction. 

The current resulting from such an E.M.F. is known as an 
alternating current, and such a current can be graphically repre¬ 
sented by what is known as a sine curve. 

The Sine Curve 

The sine curve can be constructed as follows :— 

With the point A as centre on a line AB, describe a circle of 
radius AC (fig. 79 ). Divide the circumference of the circle and 
the line CB into the same number of equal parts, say twelve. 
From the points on the circumference of the circle draw horizontal 
lines and from the points on the line CB draw vertical lines. 
Numbering the lines as shown, a curve may be drawn through 
the points of intersection of the correspondingly numbered lines. 

Now if we take a right-angled 
triangle ABC, as shown in fig. 80, 
the ratio of AB to AC is called the 
sine of the angle ACB. 

That is to say : 

AB xrrt 

= sin ACB, 

and if AC is unity, then AB = sin 
ACB. 

Turning back then to fig. 79, we 
see that if CB represents 360 
degrees, and if the maximum ordinate or radius of the circle be 
called unity, any ordinate FG, which is the same length as the 
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perpendicular subtending the angle shown by the abscissa CG, 
IS therefore equal to the sine of this angle CG. 

To show now how this curve applies to the case of a conductor 
cutting a magnetic field, we shall use as ordinates the values of 
E.M.F. induced, and as abscissa the angular distance through 
which the coil moves as it rotates, and commence with the 
conductor at rest in such a position that AB (fig. 76) is vertically 
above CD. 

Then the first point can be represented by C (fig. 79), as the 
time is zero and the E.M.F. induced is zero, the relative position 
of the poles for this diagram being shown dotted. On rotating to 
some other point 30*^ a certain number of lines of force are cut by 
the moving conductor and the corresponding point is marked off 
on the curve. This is done for an angle of rotation of 60° and 
then for 90° at which point the E.M.F. is found to rise to a 
maximum, after which, it again falls until CD is vertically above 

AB (fig. 76). Thus the curve 
takes the appearance shown in 
the first half of fig. 79. Further 
rotation of the conductor now 
causes the E.M.F. induced to 
flow in the opposite direction, 
and by the time the part AB 
once more reaches its original 
position vertically over CD, the 
curve has once more returned 
to the horizontal line AB. 

We thus see that the E.M.F. 
follows a curve as in fig. 79, 
during one complete revolution 
of the conductor, and this curve 
represents one complete cycle of 
alternating E.M.F. An alter¬ 
nating current which is represented by a sine curve is called a 
simple harmonic or sinusoidal current. 

Commutation 

Let us now carry our attention back to fig. 76. If the con¬ 
ductor ABCD be cut between C and B and the two ends joined 
to two half-rings of copper mounted on a cylinder of insulating 
material, as in fig. 81, we find that the current forced through 
an external circuit connected to two carbon or copper brushes, 
so fixed that each one is in contact with the copper ring at 
diametrically opposite points, is no longer of an alternating type. 

In the accompanying diagram it will be seen that although 
the current in the conductor is still alternating as before the 
ends of the external circuit alternately make connection with 
each end of the conductor, so that the current through the ex¬ 
ternal circuit is continuously passing in the direction shown by 
the arrow-head. 
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Because this arrangement of two copper half-rings on an in¬ 
sulating cylinder commutes or changes the alternating current 
induced in the conductor into a continuous or direct current in 
an external circuit, it is called a “commutator.” 


Pulsating Current 

Although this external current is called a direct or continuous 
current it still fluctuates in value, rising from zero to a maximum, 
and so on as before. The curve 
of this current, however, differs 
from that of the alternating cur¬ 
rent in that each half is above 
the zero line, as in fig. 82. 

Now let us consider the faetors 
which control the induced E.M.F. 

Let N equal the total number of lines of force between the 
magnet poles, and n equal the number of revolutions per second 
of the conductor. Then— 

The time taken for one revolution equals 

- second. 

The time for one half-revolution equals 

2 ^ second. 

The mean rate at which the part AB of the conductor cuts 
the lines of force is therefore the number of lines cut divided by 
the time taken in seconds per half-revolution, or—• 

N 

mean rate = = 2niV lines per second. 



Fia. 82. Pulsating Current Curve. 




In the ordinary way of reckoning, when a conductor cuts lines 
of force at the rate of one hundred million per second, an 
E.M.F. of 1 volt is induced. 

100 ,000,000 is usually written 10®. 

2nN 

Therefore an E.M.F. of is set up in the part AB of the 

conductor under consideration. An equal E.M.F, is set up in 
the part CD ; thus, adding the two together, we see that during 


one half-revolution the mean induced E.M.F. is 


4inN 

lid®. 


It can now be seen that any increase in the value of either 
n OT N will give a greater value of induced E.M.F. Now it has 
been previously shown how iron has the power of concentrating 
a magnetic field. If, therefore, the conductor ABCD be wound 
round a piece of iron of such a size that it almost takes up all 
the space between the poles of the magnets N and S, the field 
through which the conductor has to pass is greatly intensified. 
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Development of Armature 

In actual practice the iron round which the conductor is wound 
is of a cylindrical shape, with slots all round the periphery. If 
a solid piece of iron of this type is rapidly rotated through a 
magnetic field it acts as a circuit of one turn and “ eddy currents ” 
are set up in it which tend to produce heat and waste energy. 
In order to prevent these eddy currents the iron “ core,” as it 
is called, is built up of thin sheets or laminations of iron all 
clamped together in the required form. 

Now the rotation of one coil of wire even on such an iron core 



Fio. 83. A Four-Coil Armature Wmdnig vith Commutator. 


would produce only a very small E.M.F., and the current which 
would result, as is seen by the curve, would be of too pulsating 
a nature. 

If we use several coils of wire, however, suitably disposed 
round the core and connected to a corresponding number of 
commutator pieces, we can increase the induced E.M.F., and 
at the same time so tone down the pulsating nature of the current 
as to make it to all intents and purposes a current of constant 
E.M.F. The connections for a four-coil and four-part com¬ 
mutator arrangement are shown in fig. 83. Starting from tlie 
point a, and following the winding round without reference at 
first to the commutator, it is seen that the coils form a closed 
circuit and are electrically in series with one another in the order 
of the numbers marked on them. As regards the connections 
to the four segments, W, X, Y, and Z, of the commutator, it is 
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seen that at two of these, X and Y, the E.M.F.’s in the windings 
are both directed from (at X), or both directed towards (at Y), 
the junetion with the connecting wire. At the other two, Zand 
W, oncE.M.F. is towards the junction, and the other is directed 
from it. If, therefore, brushes be placed on X and Y, they supply 
current to an external circuit, whilst for the moment Z and W 
are idle bars. The development 
of the curve for the current 
produced in the external circuit 
can be seen in fig. 84. The 
two thin curves show the cur¬ 
rents produced when the brushes 
arc in contact with the two Fig. 81. Development of Direct Current, 
different pairs of commutator 

bars. The thick curve shows the resultant current, and it is 
seen that this current never reaches the zero value. 

Dynamo 

A machine capable of producing current on the principles 
explained above is called a “ Dynamo.” The moving portion, con¬ 
sisting of iron core, conductor windings, and commutator, is 
called the armature, and the fixed portion consists of the frame¬ 
work of the machine and the magnets, which are called “ field 
magnets.” The latter are never permanent magnets, as shown 
in the explanatory diagrams, but are invariably electro-magnets. 

Armatures are wound in many different ways and are of 
different types. There are ring armatures, drum armatures 
(which are of the type described above), and open-coil armatures. 
The different ways of winding, such as lap winding, wave winding, 
etc., do not directly concern the wireless operator. 

The Motor 

Now, it will be found that as the current taken from the dynamo 
is increased, the more power is required to turn the armature. 
This power is necessary to overcome the force that exists between 
the lines produced by the field magnets and those produced by 
the induced current in the armature. 

If then, instead of turning the armature by means of mechanical 
power we pass a current through it, lines of force are produced due 
to both the field current and the armature current, and the 
reaction between them causes the armature to rotate. 

Now, if we presume that the armature of the dynamo is driven 
in a clockwise direction, the force which the driving power has 
to overcome must be exerted in a counter-clockwise direction. 

We thus see that if a current be sent through the field-magnet 
windings in the same original direction, and if a current be sent 
through the armature windings in the same direction as that 
taken by the induced current when using the machine as a 
dynamo, the armature will be forced to rotate in a counter¬ 
clockwise direction. 
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A dynamo converts mechanical power into electrical power. 
When electrical power is converted into mechanical power by 
such a machine the machine is called “ a motor.” 

When used as a motor it is readily seen that it can be acting 
as a dynamo at the same time. That is to say, because the 
armature is rotating through a magnetic field an E.M.F. will be 
induced in the armature windings. But it has been stated that 
the armature is rotating in an opposite direction to the mechanical 
rotation produced when working as a dynamo, therefore the 
E.M.F. produced will be in the opposite direction to that produced 
when working as a dynamo. 'A 

Again, it has been stated that the current used for driving 
the machine as a motor is in the same direction as that produced 

in the armature when the machine 
is used as a dynamo. 

From these considerations we 
see that the E.M.F. produced 
by induction when the machine 
is acting as a motor is in the 
opposite direction to the E.M.F. 
of the current used to drive it 
as such. 

The field windings and arma¬ 
ture windings of motors and 
dynamos may be connected up 
in different ways. The field may 
be in scries with the armature, 
it may be in shunt with the 
armature; or a combination of 
these two arrangements may be 
used. In a motor used for wire¬ 
less purposes the great desidera¬ 
tum is a constant speed under varying loads. The type most 
suitable for these conditions is the shunt-wound variety. 

In the accompanying fig. 85 it is seen how the field winding 
is in shunt with the armature winding. There is usually a 
certain amount of residual magnetism in the field magnets. 
When using the machine as a dynamo, and the armature is 
revolving, an E.M.F. is induced in it, this E.M.F. producing a 
current in the field coils, thus increasing the intensity of the 
field. This increase in field intensity causes a corresponding 
increase of induced armature E.M.F., which in turn once more 
still further increases the field current and the magnetic field. 
This process is continued up to a certain point, when, as re- 
viously explained, the cores of the field magnets become saturated 
and any further increase of field current produces no appreciable 
increase in field, and the building-up process therefore stops. 
At this point, unless the speed of the armature is increased, a 
maximum current is being delivered to the external circuit 
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when it is closed. The value of the current passing? through 
any part of the external circuit in accordance with Ohm’s Law 
depends on the resistance of the particular part, and on the 
terminal E.M.F. 

Because the current used in the field coils represents so much 
waste energy as far as the external circuit is concerned, care is 
taken in the designing of the machine to obtain the maximum 
effect with the smallest current. In the chapter on electro¬ 
magnets it was shown that the amount of magnetism in an 
electro-magnet depends on the ampere turns. The energy loss 
is proportional to the square of the number of amperes, but is 
directly proportional to the turns—^the resistance. Obviously it 
is most economical to use as many turns, and therefore as little 
current, as possible to obtain a given strength of field, in order 
to make the energy loss a minimum. The field magnets of a 
shunt-wound dynamo, therefore, are wound with a great number 



Fig. 8G. Similar Machines used as Dynamo and Motor Respectively. 


of turns of comparatively thin wire, and thus, the resistance 
being great, only a small portion of the induced current is taken 
from the armature to excite them, leaving the greater part for 
delivery to the external circuit. 

The fact that the current passing through the coils of a motor 
is opposed by a back E.M.F. may be tested experimentally. 

In the accompanying fig. 86 two machines of identical con¬ 
struction are shown, in this case series-wound machines—the field 
windings being in series with the armature windings—being 
represented to simplify the diagram. The one on the left is being 
driven as a dynamo by means of, say, a steam engine. This 
dynamo generates current, which is forced through the windings of 
the machine on the right. It will be seen that the direction of the 
current through the field windings in either machine is the same, 
but that the current through the dynamo armature is in the 
reverse direction to that through the motor armature. The 
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latter will therefore rotate in the same direction as the dynamo 
is being driven. G represents a galvanometer in the circuit. 
The current through the motor causes the armature to rotate, 
and a back E.M.F. is produced, as shown by a decrease in the 
dellection of the galvanometer needle. As the speed of the 
motor increases this dellection becomes gradually less and less, 
showing that the back E.M.F. is increasing. As the two machines 
are identical in construction it would be expeeted that when the 
speed of the motor has reaehed the same number of revolutions 
per seeond as that of the dynamo, the back E.M.F. would be 
equal to the E.M.F. produced by the dynamo. As a matter of 
fact this is impossible, as the friction, iron, and copper losses in 
the second machine have to be taken into account. Neverthe¬ 
less, the gradually decreasing galvanometer deflection con¬ 
clusively proves that a back E.M.F. is set up in the motor coils. 

Just another illustration of the ability of a machine, such as 
has been described, to act as a dynamo or as a motor, may be 
given. 

If a shunt dynamo be used to charge a large battery of accumu¬ 
lators and the prime mover of the dynamo be cut off, the current 
then Hows from the battery, and passing through the coils of 
the dynamo forces its armature to rotate still in the same direction. 

Direction of Rotation 

A careful perusal of the foregoing experiments and diagrams 
shows that in a shunt motor as described, if the direction of the 
current through either the field coils or the armature coils be 
changed, the direction of rotation is changed ; but if the direction 
of the current be reversed through both the field and the armature 
the two changes have an opposing effect and the armature still 
rotates in the same direction. 

If a back E.M.F. is set up in a motor when rotating, it is obvious 
that the current passing through the armature must be con¬ 
trolled by the difference between this back pressure and the 
pressure applied. The actual value in amperes is obtained by 
dividing the excess pressure in volts by the resistance of the 
armature in ohms. 

Now, wherever energy of one kind is used to produce energy 
of another kind there is bound to be some energy wasted in the 
form of friction, heat, etc. In the case of a motor, therefore, 
sufficient energy must be applied to overcome the amount of 
mechanical work to be done and to supply the power wasted 
in doing it. 

Speed Regulation 

Now, a motor is self-regulating as regards the amount of power 
it uses. That is to say, the armature will rotate at the speed 
necessary to set up such a back E.M.F. that the amount of current 
controlled by the difference of pressure between the applied 
E.M.F. and this back E.M.F. is just sufficient to do the work 
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required of the machine. It has been explained elsewhere that 
the amount of back E.M.F. depends on the rate of cutting lines 
of force ; hence, if the magnetic field be an intense one the arma¬ 
ture need only rotate at a slower speed to produce the required 
opposing pressure than would be necessary if the field were a 
weak one. 

We have here, then, a means of regulating the speed of the 
motor. If a regulator consisting of a variable resistance be 
inserted between one of the supply mains and one end of the 
field magnet windings, the current passing through these windings 
can be regulated in such a way as to increase or decrease the 
intensity of the field produced, according to the conditions 
demanded by the work to be done. 

If no mechanical work \s being done by the motor—that is, 
if it is running free—the armature rotates at such a speed as to 
give a back pressure almost equal to the applied pressure, and 
consequently the current through the armature is only of a 
sufficiently small value to provide the energy wasted in the 
armature, etc., as heat and friction. 

When mechanical energy is taken from the motor the speed 
is slightly reduced, and consequently the back E.M.F. is reduced, 
thus giving a greater difference between applied and back E.M.F., 
which is great enough to force the necessary increase in current 
through the armature corresponding to the extra driving power 
required. 

The twisting force which makes the armature of a motor 
rotate is proportional to the strength of the magnetic field, 
and to the strength of the current passing through the con¬ 
ductors that are under the influence of the field. 

As the strength of the field depends on the amount of current 
passing through the field coils, it is readily seen that to start 
a motor from a position of rest when most twisting force is re¬ 
quired, it is necessary to force a large current through both 
the field and armature coils. Now the amount of current depends 
on the pressure, so that it is usual to apply the full available 
pressure to the field coils when starting. 

In the case of the armature we must take another fact into 
consideration. When it is at rest there is no back E.M.F., and 
consequently, if we were to apply the full available pressure to 
the armature, the current would then be sufficiently strong to 
injure seriously the windings, as great heat would be produced, and 
the latter would be short-circuiting the source of supply of current. 

In order to avoid overheating the armature in this way, a 
resistance is usually inserted in the circuit through which the 
armature current is flowing, of such a value that when the full 
available pressure is applied to this resistance in series with the 
armature, the strength of the current which flows is not much 
more than the strength of current which flows when the motor 
is running and the full power is being taken out of it. 
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Starting Arrangements 

In order to understand the starting arrangements properly, 
a simple theoretical diagram of the connections is given (fig. 87). 
One of the supply leads is connected to the moving arm of the 
starting resistance regulator. The end of the resistance first 
in contact with the moving arm is connected to one end of the 
field magnet winding, and the other end of the resistance is 
connected directly to one of the brushes resting on the com¬ 
mutator. A common lead is finally brought from the other end 
of the field magnet winding and the other commutator brush 
back to the return supply main. Where a field regulator is 
used, it is inserted between the end of the resistance first making 
contact with the moving arm and the first-mentioned end of the 
field magnet windings, as in the diagram. Connections are made 

from different points of the re¬ 
sistance to brass studs, over 
which the end of the regulating 
handle moves. 

When the arm of the starter 
is moved on to the first stud, 
the field current is a powerful 
one and the armature current h 
of a strength dependent on the 
resistance of the starting re¬ 
sistance together with the 
resistance of the armature as 
explained. 

The armature now begins to 
turn until it has acquired a speed capable of producing a back 
E.M.F. as near the supply E.M.F. as the losses in the machine 
will permit. The armature current then falls to a minimum and 
the motor runs at a constant speed. 

The handle is now moved over to the next stud, and because 
the current through the armature now increases, the motor 
speeds up until once more the back E.M.F. has increased to a 
maximum and the speed has become constant. This process 
is repeated until finally all the resistance has been cut out, after 
which the motor is ready for work. Reference to the diagram 
shows that as the resistance is cut out of the armature circuit 
it. is introduced into the field-magnet circuit. The resistance of 
the field-magnet winding is, however, much greater than the 
resistance of the starter, so that the field current is only slightly 
affected by this introduction. As a matter of fact, in the machine 
used in standard Marconi sets, the connections are such that tfie 
resistance is again cut out of the field circuit when the handle 
finally comes to rest on the last stud. 

No««Volt Release 

If the magnetizing current be suddenly cqf off when the 
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machine is rotating at a high rate of speed there will be no 
setting-up of a back E.M.F. The result would be a great rush 
of current through the armature and a consequent burning of 
the conductors. In order to provide against the risk caused 
by an accidental cutting off of this current a small electro-magnet 
is inserted in the field circuit in such a position that it exerts a 
sufficiently strong attractive power over a small piece of iron 
carried by the starter regulating handle to hold the latter in 
position on the final stud, against the force exerted by an an¬ 
tagonistic spring also connected to the handle. This electro¬ 
magnet loses its holding power as soon as the current ceases to 
flow through its winding, and the handle is released, and under 
the action of the antagonistic spring flies back to its original 
position, thus also cutting off the current through the armature 
coils and causing the motor to come to a standstill. 

Of course, such an interruption of the current through the 
field circuit, and continuation of the current through the armature 
circuit, only takes place when a break occurs in the former circuit. 
This electro-magnetic release, or “no-volt ” release as it is usually 
called, also prevents an accident of another kind. If the handle 
of the starter were fixed in its final position by means of a hook 
or catch of some description, it would remain in this position 
even if the supply of driving current were eut off from, say, the 
engine-room. Now, if the supply were to be suddenly switched 
on again from the engine-room, it is seen that it would be equi¬ 
valent to starting the motor under conditions which it has been 
explained must be avoided. That is to say, it would be the 
same as trying to start up with too strong an armature current, 
and disastrous results would follow. 

Over^Load Release 

In large machines another electro-magnet is often inserted in 
the main circuit in such a position that if the current becomes 
too strong for the safety of the machine, the no-volt release is 
short-circuited and the driving current thus switched off. This 
will be more fully described later. 

Motor Generator 

Dynamos and motors are specially constructed according to 
the current and voltage which they are required to produce or 
use. If, then, we have current at, say, 100 volts pressure and 
desire to use current at 300 volts, it is an easy matter to arrange 
for a motor driven by current at 100 volts to drive a dynamo 
constructed to deliver current at 300 volts. Of course a certain 
amount of power would be lost in the arrangement, as electrical 
energy is first converted into mechanical energy and the resulting 
mechanical power reconverted into electrical power. Such 
an arrangement of a dynamo and motor coupled together 
mechanically is called a “ motor generator.” 
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Rotary Converter 

Now, it has been stated that the currents induced in the 
armature of a dynamo are commuted into continuous currents 

by means of the commutator. 
Many ships’ dynamos are con¬ 
structed on this principle. For 
wireless telegraphic purposes we 
generally require the original 
alternating current, and it is 
often convenient to obtain it by 
reconverting the commutated 
current back to its original state. 
For this purpose a machine 
called a “ rotary-converter ” is 
supplied. 

In fig. 88 it is seen that two 
complete rings have taken the 
place of the commutator sho>vii 
in fig. 81. If the two brushes 
connecting the external circuit be placed one on each of these 
rings the current in the external circuit is also of an alternating 
character. In a type of generating machine called an “ alternator ” 
such rings are provided instead of the commutator. 

The rotary-converter is fitted with both these arrangements— 
namely, a commutator and a pair of slip-rings. 

Direct current from the ship’s dynamo is brought to the com¬ 
mutator end of the armature and 
is used to drive the machine as a 
motor. Tappings are taken from 
the armature coils to the slip- 
rings, and when an external cir¬ 
cuit is joined across these rings 
alternating current is forced 
through it. Figs. 89 (a) and 89 (6) 
illustrate the arrangement in a 
simple way. The same lettering 
is used in each figure. A and B 
are two carbon brushes making 
contact with the bars, C and D, 
of the commutator, E ; F and G 
are two slip-rings, with which the 
carbon brushes, H and K, are 
making contact. From the points 
L and M on the armature coil 
CLMD, tappings are taken to the 
slip-rings. Now, when C is vertically above D, as shown in fig. 
89 (a), and if the current enters at the brush A, a portion will pass 
through the armature coil, CLMD, and be used to drive the arma- 
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ture round. If an external circuit be joined between H and K, 
it will be in shunt with the part LM of the coil CLMD, and con¬ 
sequently a certain current, depending for its value on the resis¬ 
tance of the external circuit, will pass through it. The direction 
of the current through tlie various parts of the armature and 
external circuits is shown by means of the arrow-heads, and in 
tig. 89 (a) it is seen that the direction in the external circuit is 
from K to H. After the coil has passed through half a revolution, 
however, the position of the commutator bars C and D with 
respect to the brushes A and B has been reversed. The slip 
rings have also turned through half a revolution, the whole 
arrangement being mounted on the shaft XY ; and by following 
the arrow-heads indicating the direction of the current it is seen 
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that the direction through the external circuit is now from H 
to K, Thus in one complete revolution of the armature of a 
two-pole machine, we have a complete cycle of alternating current. 

The machine may be supplied with four field poles, and the 
arrangement of the armature windings and tappings is such 
that two complete cycles of alternating current are produced 
per revolution. Thus, if the machine is driven at a speed 
of 1,800 revolutions per minute the number of cycles per 
second is 1,800 x 2 

60 “ 

The following description of typical control apparatus as used 
with a ship’s converter of a design which is fairly common, should 
apply with small modifications to other types of generators. 

Two main leads from the ship’s dynamo are brought into the 
operating room and connected to a double-pole knife switch. 
From this switch onwards the care and management of the 
wireless apparatus lies entirely in the operator’s hands. The 
operation on closing the switch, puts the supply on to the converter, 
through its starter, and field regulator as shown in fig. 90. 


The Starter 

The starter consists of a series of resistance coils, mounted in 
a cast-iron case on the front of which is a slate face fitted with 

brass contact studs, no-volt 
release, starting handle and (in 
some cases) an overload release. 
Tappings from the series of 
resistance coils are brought to the 
studs on the face of the starter. 
Fig. 91 shows the connections 
of a starter which is generally 
used in a 1| kw. set, and which 
is not fitted with an overload 
release. The three terminals 

marked L, F, and A, are connected 
to “ line,” “ field,” and arma¬ 
ture ” respectively. An internal 
connection connects the terminal 
L with the moving arm or 

starting handle H, which carries a small soft-iron armature, S, on 
one side of it. The under side of the arm H is supplied with 
a spring contact brush of laminated copper, and the first stud is 
bevelled in order that this brush may ride easily on to it. A light 
spring fitted with a carbon contact forms an extension of the 
brush, on which it first makes circuit with the active studs. 
The carbon therefore takes any sparking which may occur and 
thus saves the main contacts from burning. The first active 

stud is connected by means of a short straight wire, W, to one 

end of the no-volt release winding N, from the other end of 
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which a connection is taken to the terminal F. As is seen from 
the diagram, the first stud is also connected to one end of the 
series of resistance coils, the other end being connected directly 
to the terminal A. The connection at N between the first stud and 
the winding of the no-volt release is also in metallic connection 
with the soft-iron frame or core on which the wire is wound. 

The Field Regulator 

The field regulator is somewhat similar in appearance to the 
starter. It consists of a series of resistance coils, connected to 
a set of brass studs fixed on the 
face of a slate slab. The first 
and last studs are respectively 
marked “ in” and “ out.” Two 
terminals are supplied at the base 
of the slate face, the left-hand 
terminal being connected inter¬ 
nally to the pivoted end of the 
regulating handle, and the right- 
hand terminal being connected 
internally to the last stud marked 
“ out.” The left-hand terminal 
is also connected to the “ in ” 
end of the resistance, to prevent 
the field circuit being broken as the result of a bad contact made 
by the regulating handle. The handle is of a much lighter 
nature than that of the starter: the brush contact has only to 
carry small field currents, and as it must be capable of being 
left permanently on any stud, the handle—unlike that of the 
starter—is not fitted with a spring return. Fig. 92 shows 
the connections of the field regulator. 

Brush Adjustment 

The armature of a converter is fitted with a commutator and 
two slip rings. The direct current for a four pole machine is 
supplied to the armature through four carbon brushes connected 
in pairs as in fig. 93 . It is found that these brushes must rest in 
one particular position on the commutator, otherwise sparkling 
between the brushes and the copper segments ensues, with the 
result that the commutator gets burnt and develops what are 
known technically as “ flats,” so that in a short space of time it 
has to be re-turned on a lathe. The exact position is found by 
experiment, and is usually a little distance in advance of the line 
joining the centres of two opposite field magnets, as in fig. 93. 
This position is generally fixed by the makers, but provision is 
made for adjustment. The brushes are placed in brush-holders, 
which are fixed on supports attached to a movable end-plate in 
the frame of the machine. This plate is so arranged that it is 
capable of rotation through an angle large enough for all possible 
brush adjustments. 



Fio. 92, Connection of Field Kegulator. 
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Fig. 93. Connection and Disposition of 
D.C. Bnishes. 



Fig. 9t. The Knd-riale Brush-Holder 
Carrier. 


Fig. 94 represents a view of such a machine at the commutator 
end. S is the end of the shaft, C is the outer cover of the ball 
bearing, F the movable end plate \vhich carries the brush-holder 
supports shown at M. In order to rotate F—and therefore to 
alter the position of the brushes—the clamping bolts L must 
first be slackened. When the right brush position has been found, 
the operator must not forget to tighten up the bolts L again. 

Brush'^Holder 

A diagram of the brush-holder is shown in fig. 95. 

C is a cast brass clamp, through which the bolt B passes, and 
is used for clamping the holder to one of the supports previously 
mentioned. Two plates, P, are riveted to this clamp, and at the 
point L between these plates a pin carrying the spring is fixed. 
One end of this spring is fitted with a wooden handle, II, and 
the other end catches under a copper hook, G, which is perman¬ 
ently fixed to the carbon brush, 
D. The handle II may be moved 
in the direction shown by the 
arrow, and this movement puts 
tension on the spring S, thus 
causing the brush to make con¬ 
tact with the commutator K. 
The straight part of the spring 
fitted with the handle, moves 
through a toothed slot in the 
curved piece of brass shown at 
Wj'and by engaging in any tooth 
it is held in any particular posi¬ 
tion. The carbon brush D is 
supported at right angles to the commutator. It requires to be 
an easy fit up and down in the holder, but to have a minimum 
elearance in all other directions. It is electrically connected to 
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the holder by means of the flexible connection, shown partly in 
continuous and partly in dotted line, held in position by the 
screw X. The commutator is wider than th6 brushes, and con¬ 
sequently in order to ensure equal wearing of 
the whole surface the brushes are “ staggered.” 

Fig. 96 illustrates what is meant by this ex¬ 
pression. A and B are diametrically opposite 
each other on the commutator, both being 
nearer the side marked L. The brush C is 
diametrically opposite another one, which can¬ 
not be shown in the drawing, but which we will 
call D. The brushes C and D are fixed nearer 
the side R of the commutator. Thus a part 
of the commutator which can be represented 
by the line XY is being evenly worn by the 
brushes. 

Slip'^Rings 

Two brass rings arc mounted on, and carefully 
insulated from, the shaft at the end remote 
from the commutator, but in some makes of 
machine they are at the same end as the com¬ 
mutator. These rings are also insulated from 
each other by means of a fibre ring. Four 
carbon brushes are used in connection with these slip-rings, 
being connected in pairs in a similar manner to those used in the 
eommutator. One pair of connected brushes is used with each 
ring. This end of the shaft overhangs the machine, and it is 
convenient to arrange a rocker to carry the brush-holders on 
the outside of the frame. The rocker is shown in fig. 97. It is 
cast in two halves, A and B, the two portions being clamped 
together round a part of the main casting by means of the 
screws C and D. At E, F, G, and H insulated standards are 
fixed to which the brush-holders may be clamped. If the dotted 
circle represents the outside of the slip-rings, the position of the 
brush-holders and brushes is approximately given by the straight 
lines terminating on the circle. It is usual to fix this rocker so 
that the clamping lugs are horizontal. The position of these 
brushes with respect to the field magnets is immaterial and, if any 
sparking takes place, it may be put down to dirty or uneven contact. 

Control Connections 

The control connections are shown in fig. 90, where it will be seen 
that one end of the field winding is connected to one of the D.C. 
brushes, the other end being continued through an insulated 
hole in the frame of the machine marked ‘‘ field.” A connection 
from the brush which is connected to the field winding is brought 
through another insulated hole in the frame marked ‘‘line,” 
while a connection from the remaining brush is brought through 
a third hole in the frame marked “ armature.” 
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Reading from left to right the holes through which the cable 
connections pass arc marked respectively “ armature,” “ field,” 
and “ line.” 

A connection is taken from the cable marked “ line ” to one 
pole of the main switch, and another from the cable marked 
“ armature ” to the terminal similarly marked on the starter. 
The cable marked “ field ” is connected to the terminal under 

the stud marked “ out ” on the 
field regulator,—that is to say, 
the right-hand terminal. 

A connection is taken from 
the “ in ” terminal of the field 
regulator to the terminal marked 
“ field ” on the starter, and 
finally a connection is made 
between the terminal marked 
“ line ” on the starter to the 
other side of the main switch. 

For a machine giving an out¬ 
put of IJ kw. the connections 
marked A, B, and C, are made 
Fio. 97. Diagram of A.c. Brush Rocker, with 7/16 I.R.V.B, (india-rub¬ 
ber vulcanized braided) lead- 
sheathed cable, and the connections marked D, E, are made with 
3/22 I.R.V.B. lead-sheathed cable. 

Such a machine is built for a normal voltage of from 80 to 110 
volts direct current, but is used on voltages as low as 60, and 
as high as 130, with satisfactory results. The normal speed is 
1,500 to 1,800 revolutions per minute, and the variation obtain¬ 
able by means of the field regulator is approximately 10 per 
cent, down and up. 

Starting 

After seeing that the handle of the starter is in the “ off ” 
position, and that the field resistance is all out, the main switch 
may be closed and the handle H of the starter pulled over on to 
the first stud. The field magnets are now excited by the passage 
of the full current available, as there is no resistance in the field 
circuit. 

The current through the armature windings has to pass 
through the total resistance in the starter, but since the arma¬ 
ture is not rotating there is no back E.M.F. to oppose that of 
the mains, so that a considerable current (about Ij times the 
full working current) passes through the armature, reacts with 
the field, and starts the armature rotating. When the machine 
has acquired a constant speed with the handle on the first stop, 
the handle may be carried forward on to the next one. This 
operation may be carried on, only passing from one stop to the 
next after the machine has come to a constant speed, until the 
handle comes to rest against the no-volt release, when it will 
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be held there by the magnetic pull of the latter, provided the 
tension of the antagonistic spring in the handle is not too great. 
At this point, the resistance—which is gradually put into the 
field circuit as it is taken out of the armature circuit—is once 
more cut out of circuit altogether, because, as previously stated, 
the magnet winding and the connection to the first stop are 
both connected to the metal bobbin of the no-volt release. The 
machine is now found to be running at a constant steady speed. 
If a greater speed be desired, it is necessary to put in a little 
extra field resistance, or if a slower speed be required, the removal 
of a little field resistance has the desired effect, these operations 
being effected by turning the handle of the field regulator either 
towards “ in,” or “ out,” as the case may be. 

Care of Machine by Lubrication 

Brass cups are fitted over the bearings, which must be kept 
full of grease. Occasionally the cups must be taken off and as 
much of the old grease as it is possible to get at must be removed, 
the cup being refilled with clean grease. The cap of the cup 
must also be filled before replacing. Generally, it is not necessary 
to feed down much grease on to ball bearings, especially if they 
remain cool. 

Commutator 

It is found that a certain amount of the carbon of the brushes 
is worn off and adheres to the surface of the commutator. If 
this be allowed to remain, sparking will ensue to the detriment 
of the machine. This carbon is, however, very easily removed 
with a clean rag. If it cannot be removed in this manner, a 
piece of very fine glasspaper may be used, and applied to the 
commutator whilst it is running, by means of a wooden block 
so shaped as to fit on the surface of the commutator. On no 
account must emery cloth be used. It may be found advantageous 
occasionally to wipe the commutator with a cloth smeared with 
just a trace of clean vaseline, afterwards removing as much of 
the vaseline as possible with a clean cloth. 

The machine must be kept as free as possible from oil and 
dust. The tension on the brushes must be just sufficient to 
ensure good electrical contact with the commutator. In a great 
many cases, commutators have been grooved and scored through 
carelessness on the part of operators in putting too much tension 
on the brushes. When the machine is revolving slowly, there 
should be none of the shrieking sound which is occasionally met 
with. Any pronounced noise is a clear indication that the brushes 
are pressing too tightly on the commutator. 

Brushes 

The brush-holders should be so arranged that the brushes 
project about a quarter of an inch before they reach the com¬ 
mutator. 
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It will be found that after putting in a new brush a certain 
amount of sparking may take place. This will soon rectify itself, 
as the surface of the brush adapts itself to the radius of the 
commutator. The upper end of the brush is fitted with a copper 
connection, and care must be taken that the brush is never so far 
worn that this copper comes in contact with the commutator, as 
this would result in great unevenness being produced. 

In the case of the ship’s converter shown diagrammatically 
in figs. 90 and 94, the correct position for the brushes would be 
that in which they are placed when a chisel mark on the end 
plate earrying the brush-holders coincides with a second chisel 
mark on the frame of the machine. 

Motor Generators for Ships’ Sets 

Most of the machines used for power supply to ship transmitters 
manufactured by The Marconi Company fall under one of three 
types. With transmitters types 256 and 257 the machine used is 
a 2 kw. motor alternator, shown in lig. 98. With transmitter 



Fio. 98. 2 kw. Mackic Motor Alternator with starter ami ref^ulators. Motor : D.C. 32. 
Il.H.P.: 80/110 Volts: 35/24 Amps. Alternator: 2 kw. 100/220 Volts : 10 Amps 500 
Cycles 80/110 Volts: 20 Amp;?: 500 Cycles. Speed 2,500 K.P.M. Weight complete 340 lbs. 


type 256 the input is 80/110 volts, 25 amps^D.C.]and the output^is 
2 kw. at 200 volts, 10 amps, single phase, 500 cycles. A similar 
machine is used on the type 257 transmitter, with the exception 
that the input is arranged for a 175/242 volts at 12.5 amps. 

A diagram of connections of the A.C. regulator and D.C. starter 
regulator is shown in fig. 99. 

On transmitters type 385, 385a, 385b, 385c and 385d a 300-watt 
motor alternator, a photograph of which is shown in fig. 100, is 
used. On all these transmitters the output is .3 kw. at 100 volts, 
4 amps., single phase, 500 cycles, but the injnits are 24 volts, 
21 amps. D.C., 18 volts 27 amps., 110 volts 5 amps., 220 volts 
2.2 amps., and 65 volts 7.5 amps, for the 385, 385a, 385b, 385c and 
385d transmitters respectively. 
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Fio. 100. 300-Watt- Mackio Motor Alternator. D.C. Motor : 0 HP : 18 Volts : 27 Amps. 
Alternator : 300 Watts (400 V. A.): 100 Volts : 4 Amps : 500 Cycles. Speed 3,750 K.P.M. 
Weight of Machine 08 lbs. 


E 
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Fig. lUJ. Diagram of Machine and Control Connections oUC-Watt Motor Alternator. 


A diagram of connections showing the alternator and motor of 
this machine is shown in fig. 101. 

Rotary Transformer 

This term is usually applied to a rotary machine which acts as a 
D.C. voltage transformer. In the normal design there are two 
armature windings on one shaft, one of which takes current as a 
motor at a low D.C. voltage, while the other delivers current as a 
generator at a different and usually a higher D.C. voltage. 

The two armature windings may have common or separate 
fields. 

Such machines are used particularly in low-power installations 
for the supply of H.T. to the transmitting valves. 


Marine Rotary Transformers 

For the 512 series of transmitters a 300 watt rotary transformer, 
shown in fig. 102, is used. The inputs and outputs for the various 
transmitters are shown in the table below and a diagram of con¬ 
nections of the machine and starter is shown in fig. 103. 

Type No. Input Output 

512 20v. 25a. l,500v. 

.2 amp. 

512A 36v. 13a. 

512B 12v. 45(1. l,600v. 

.2 amp. 
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0.102. D.C. 
Out,pul : 1, 

3(X)-Watt Mackie Rotary Tran.sformor. 
500 Volts : .2 Anip.s. Speod 3,000 U PM. 

Input: 22 Volts ; 
Weight compleU 

Type No. 

' 512C 

Input 

24v. 21a. 

OutjDU 

l,500v. 

512 
D/IN 
512E 

12v. 85a. 

82 V. 15a. 

.2 amj: 
l,200v. 
.2 amj' 
l,200v. 

512F 

05 V. 75a. 

.2 am|: 
1,500v. 

512G 
512II 
512J 

llOv. 4.5a. 
8()v. 15a. 

55v. 9a. 

.2 ani}: 

>• 

>> 

>> 



Fig. 103. Diagram of Connections, 300-Watt 
Rotary Transformer. 
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CHAPTER XI 


MEASURING INSTRUMENTS 


Need for Quantitative Measurements 

I N order to obtain an exact knowledge of what is happening 
in an electrical circuit, we must make quantitative tests 
or employ quantitative indicators in that circuit. 

When a Direct Current is employed, we may require to know 
the values of : 

1. The Electro-Motive Force, E, driving the Current. 

2. The Potential Difference, V, between certain points in 
the circuit. 

3. The Current, I, through the circuit. 

4. The Resistance, R, of the circuit. 

5. The Power, W, or the rate of expenditure of electrical 
energy in the circuit. 

6. The total energy supplied over a period of time to a 
circuit. 

With alternating current there are in addition other quantities 
which require to be measured, but these will be discussed in a 
later chapter. 


Current Measurements 

In Chapter III, we found that by Ohm’s Law, for Direct Current, 
the three factors. Current, Electro-Motive Force and Resistance 

y _y 

for the complete circuit, are related, so that I = ,,, or I = ® 

Iv lAA to B 

where the Potential Difference and Resistance of only part of 
the circuit between A and B are known, and given any two of 
these factors, the third can be found. 

Direct Current measurements are largely made by the aid of 
indicating instruments which make use of this principle, as they 
have been calibrated by employing two of these factors of known 
amounts to produce a movement over a scale proportional to 
the third factor. 

Current is measured in Amperes, and the indicating instrument 
employed for very small values of current is called a Galvano¬ 
meter. Another form of instrument is used for larger values of 
current which is called an Amperemeter, or more generally, an 
Ammeter. 


The D’Arsonval Galvanometer 

The D’Arsonval galvanometer, which is in very general use for 
“ nul ” or “ balanced current ” working—as for instance in the 
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Wheatstone Bridge circuit to be described later—consists (sec 
fig. 104) of a very light coil of wire W, wound on a hollow former 
and suspended so that it can turn freely on its axis in the air-gap 
between the poles of a permanent magnet NS, and its own fixed 
iron core C. 

A mirror M, sends a reflected beam of light on to a scale, usually 
at about one metre’s distance, and the deflection noted is roughly 
proportional to the current flowing through the coil. The 
instrument is made “ dead-beat ” so that the coil tends th come to 
rest as quickly as possible. This galvanometer is employed for 
steady direct current measure¬ 
ments, and its scale requires to 
be calibrated. 

The Ballistic Galvanometer 

The “ Ballistic ” galvanometer 
differs from the above in that its 
damping factor is very low. The 
coil is allowed to swing as freely 
as possible, as it is the amplitude 
of the first swing and not the 
steady deflection which is re¬ 
quired. One method of measuring 
the capacity of a condenser is to 
charge it to a known potential, 
and then to discharge it through 
the coil of a ballistic galvano¬ 
meter. The amplitude of the 
first swing of the coil, as shown 
by the travel of the light spot on 
the scale, is proportional to the 
total quantity of electricity in the discharge, and knowing the 
potential of the charge, the capacity of the condenser can be found. 

For commercial work, compact pointer indicating instruments 
are a necessity. Galvanometers with pointers can be obtained 
sensitive enough to give a current reading as low as 10 micro¬ 
amps. Such instruments are called micro-ammeters or milli- 
ammeters. 

The Ammeter 

The ammeter is connected in series in the circuit, and as all the 
current passes through the instrument, the first essential of a 
good ammeter is that its internal resistance or the volt-drop 
Across it should be so low that it has a negligible effect in reducing 
the current it is required to measure. 

Moving Coil Ammeter 

In the Moving Coil type of ammeter, the principle of working 
is similar to that of the D’Arsonval galvanometer. The current 
to be measured passes through a pivoted coil M (fig. 105), which is 
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placed in the field of a permanent magnet, and carries a pointer 
which moves over a scale. 

The magnetic field is made radial, and of constant intensity 
over the full range of movement 
of the coil by the soft-iron yoke 
Y, so that the deflection of the 
coil which is controlled by the 
spring W, is directly proportional 
to the current flowing through 
it, and the scale is therefore 
evenly divided. 

As the direction of the swing 
of the coil depends on the direc¬ 
tion of the current passing 
through it, this instrument is 
not suitable for alternating cur¬ 
rent work, as the coil movement 
cannot follow the rapid reversals 
of current, the effects of which therefore cancel out, and no 
deflection takes place. 

Moving Iron Ammeter 

In the Moving Iron type of ammeter, the current passes through 
the turns of a fixed coil, and produces a magnetic field along its 
axis. A piece of soft iron reacts to this field, and its movement 
is shown by a pointer. 

There are several forms of this 
type of instrument, the Weston 
model, being one of the best 
known, is illustrated in fig. 106. 
The field produced in the so¬ 
lenoid magnetizes the two soft 
vanes, M, which can move, and 
F which is fixed, to the same 
polarity. They repel each other, 
and produce a scale which is 
compressed at the beginning, 
and is usually fairly evenly di¬ 
vided from the centre to the end, 
that is over an arc of about 45®. 

Some soft iron instruments 
have a scale which closes up at 
both ends. 

The scale can be modified to some extent by varying the shape 
of the fixed and moving iron members of the repulsion type of 
instrument, and this is often done when it is particularly required 
either to have an open centre or open end type of scale. 

Another type of moving iron instrument is the attraction type 
which employs the principle that a piece of soft iron tends to 
be attracted into the solenoid. In this case also the scale is 
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closed at the lower end, but the centre and upper end can be 
modified by choice of suitable dimensions and shape of the 
solenoid and moving iron. 

In all moving iron types of instruments, the movement is in 
the same direction whichever way the current flows, so that they 
can be used for the measurement of alternating currents. They 
are calibrated to be accurate at a particular frequency, and unless 
specially designed, they show errors at other frequencies, which 
may be small or large according to the make of the instrument. 

Dynamometer Ammeter 

The Dynamometer type of ammeter (fig. 107) employs some¬ 
times one, sometimes two fixed coils F, in series with one moving 
coil M, and the current to be measured is passed through this 
combination. Two magnetic fields are produced which react 
together and cause the pivoted 
coil to deflect over a scale which 
is closed at the beginning and 
opens out more and more to¬ 
wards the end. 

The deflection is proportional 
to the product of the flux in the 
fixed coil and that in the moving 
coil, but as these two are both 
proportional to the same current 
which is flowing through both 
in series, the deflection is pro¬ 
portional to the square of this 
current, thus giving what is 
known as a square law scale. 

As the currents in the coils 
are either both negative or both 
positive, the product is always 
positive, the deflection is always 
in the same direction, and this 
type of instrument can therefore 
be used for alternating-current 
measurements. 

The Hot«*Wire Ammeter 

The Hot-Wire Ammeter (fig. 

108) demonstrates a very im¬ 
portant principle on which many 
electrical measuring instruments 
work, that the heating effect 
of a current can be used to 
measure the value of the current. 

In this case the current flows through and heats the stretched 
fine wire ACB and the sag which results CCi when the wire expands 
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is taken by the spring FFi by means of a silk thread EF, EjFj 
which is wrapped round the spindle of the pointer P, thus con¬ 
verting the linear movement of the expansion into a radial 
movement of the pointer. The vertical wire from C is used to 
magnify the deflection CCj to EEj and thus increases the 
sensitivity of the instrument. 

The scale is fairly close at the beginning, and opens out progress¬ 
ively wider towards the end. It is another “ square law ” scale. 

The heating is proportional to I^R, and whether the current is 
positive or negative the deflection is always in the same direction, 
and so this type of instrument is suitable for the measurement of 
alternating as well as direct current. 

The Shunted Ammeter 

It often happens that the value of the current to be measured 
is greater than the limiting current for which the ammeter winding 
or heater wire is designed. 

A heavy terminal low resistance “ shunt ” may then be em¬ 
ployed, connected across the terminals of the ammeter. The 
current to be measured under such conditions divides between the 
path through the ammeter winding or heater wire, and the path 
through the shunt in the inverse proportion of their resistances, 
and to obtain the value of the total current, the reading shown 
on the ammeter scale must be multiplied by the multiplying power 
of the shunt. 

This is a method which can safely be applied to all the types 
of instruments we have just considered, when using direct current, 
but with alternating current, there are decided limitations to its 
employment, and certain safeguards are necessary to ensure 
accuracy. This subject will be further discussed in a later chapter. 

Potential Measurements 

Electro-Motive Force, and Potential Difference are measured 
in volts, and the measuring or indicating instrument employed 
is either (1) an Electrometer, if it is the potential of the charge 
on a condenser which has to be measured, or (2) a Voltmeter 
if a steady potential is to be measured, and when a pointer 
indicating instrument can be used. 

An instrument which measures E.M.F. or P.D. must be con¬ 
nected across the terminals of the supply of the E.M.F., or the 
two points in the circuit "between which the P.D. is to be measured, 
and it follows that a true measurement can only be taken if the 
PIM.F. or P.D. concerned is not altered by connecting the instru¬ 
ment to the circuit. The energy absorbed by such instruments 
must therefore be negligible compared with that available in the 
source of the E.M.F. or that which is absorbed in the section of the 
circuit across which the P.D. is to be measured. 

The Quadrant Electrometer 

This takes the form of a condenser of extremely small capacity, 
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liaving four fixed quadrant boxes, A, B, C, D, cross-connected in 
pairs as shown in fig. 109, and a light aluminium vane E which 
can swing between the top and bottom leaves of the boxes and 
is supported by a conducting thread. 

If the potential to be measured is applied to one pair of 
quadrants, the other is connected to earth or ground potential, 
and the vane is charged to a high potential by means of a Leyden 
jar, the vane will swing to set itself in line with the quadrants 
of opposite potential to its own. This will be resisted by the 
torsion of the thread, and the actual deflection of the vane as 
indicated by a mirror M, and a light spot reflected on a scale 
allows the potential to be calculated. 

If instead of measuring the potential of a condenser charge 
we wish to measure a steady small potential, whether direct current 
or alternating current, there are usually pointer instruments 
obtainable which are suitable for the purpose. 

The Electrostatic Voltmeter 

The Electrostatic voltmeter is a particularly useful instrument 
because (1) it absorbs no power ; (2) it can be used with equal 
accuracy on D.C. or A.C. of any 
frequency. 

The movement is less robust 
than that of any of the other 
types of voltmeter and its cost 
is higher. 

Its principle of working is simi¬ 
lar to that of the electrometer. 

A moving vane of aluminium 
C, is suspended so that it can 
swing freely in two hollow quad¬ 
rants A and B (fig. 110), to one of 
which it is electrically connected. 

On applying the supply volt¬ 
age, one of these quadrants and 
the vane will be at one potential, 
the other quadrant will be at the 
opposite potential. 

The vane which is controlled 
either by gravity or by a spring 
will be repelled from the quad¬ 
rant to which it is electrically 
connected, and will be attracted 
to the other quadrant, the torque 
exercised being taken up cither 
by lifting the centre of gravity 
of the vane or by coiling the 
spring as the case may be, the scale reading as shown by a 
pointer being proportional to the square of the E.M.F. applied. 
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Moving Coil Voltmeter 

The Moving Coil voltmeter has a similar movement to the 
ammeter of the same type, but as the P.D. across its winding is 
considerably greater than across the winding of the ammeter, and 
because the current through the instrument has to be kept down 
to the lowest limit in order that the energy losses may be as 
small as possible, fine wire coils are used which are generally supple¬ 
mented by a pure resistance winding connected in series. For 
high voltage instruments, the resistance may be so large that it 
has to be accommodated in a separate box. This type of instru¬ 
ment cannot be used for alternating current work. 

The Moving Iron Type of Voltmeter 

This is similar to the ammeter of the same type, but has coils 
of fine wire which may be supplemented by a pure resistance 
connected in series. 

This type of instrument can be used for D.C. and for A.C. on 
the one particular frequency for which it is calibrated. On other 
frequencies it may give incorrect readings, but the accuracy 
obtainable varies greatly with the make of the instrument. 

Dynamometer Voltmeter 

The Dynamometer type of voltmeter is similar to the ammeter 
of this type except for the resistance of its windings. 

It can be used for D.C. or A.C. and is practically independent 
of frequency errors. The movement of the pointer is proportional 
to the mean square of the P.D. measured, but as the instrument 
is required to be direct reading, the scale is marked with the 
square root of these values. 

The Milli-*Voltmeter and Shunt 

A well-known method of measuring current is to insert a 
known resistance in series in the circuit of such a low value that 
it does not appreciably reduce the current, and the volt-drop or 
potential difference is then measured across the resistance. 

As V = I X R, 1 = V/R or the current flowing through the 
resistance can be found by dividing the voltmeter reading by the 
value of the resistance. 

As the resistance is low, the volt-drop will be low and a very 
low reading voltmeter—called a ‘‘ milli-voltmeter ”—is therefore 
used for the purpose. 

In practice, the voltmeter when so employed, is calibrated in 
amperes. 

Resistance Measurements 

Resistance is measured in ohms, and can be obtained for any 
coil by using special direct reading pointer instruments such as 
the “ Ducter ” for low values, and the “ Megger ” for high values, 
but the more usual method is to measure it by means of an in¬ 
strument known as the Wheatstone Bridge,” one form of which 
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is the “ Slide-Wire Bridge.” Alternatively it is often calculated 
from the measured values of I and E and there are a number 
of other possible methods which 
need not be described here. 

Wheatstone Bridge 

The principle of the Wheat¬ 
stone Bridge can be made clear 
by reference to fig. 111. If ADC 
and AEC are two branches of 
a common circuit BAG, there 
will be a fall of potential along 
ADC which must be the same 
as the fall of potential along AEC 
and if a current indicator G is 
connected to any point E on one 
of these branches it is possible 
to find some equivalent point D on the other branch having the 
same potential as E, at which no current will flow through the 
indicator. 

When this adjustment has 
been found, the bridge is said to 
be “ balanced.” 

Then if P, Q, R and S are the 
respective resistances of the four 
arms of the bridge when in 
balance, then Vp or the fall of 
potential along P, is equal to Vr 
the fall of potential along R; 
and similarly Vq the fall of 
potential along Q is equal to Vs 
the fall of potential along S. 
Also, as no current flows through 
G, the current Ip through P is the same as the current Iq through 
Q, and the current Ir through R is the same as the current Ig 
through S. 

By Ohm’s Law 



y? = R, and ^2 = S. 

■Ir Is 

Henrp 

p _ V,/Ip _ Vp _ V„ _ V„/I, ^ R 

Q V«/Ig Vy V,, Vs/Is s 

Then 




Fig. 112. The Slide-Wire Kesistance 
Bridge. 



Fro. 111. The Principle of the Wheatstone 
Bridge. 
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The Slide-Wire Bridge 

This instrument, which is illustrated in fig. 112, can only test 
over a limited range of resistance values, R being the unknown 
resistance, S the standard of comparison, and P and Q the two 
lengths into which the wire is divided by the slider at D to obtain 
a balance so that no current flows through G. 

The Post Office Wheatstone Plug Bridge 

This is shown diagrammatically in fig. 113, and works on 
the same principle, but it is so constructed that it can be used 
to measure resistance values over an extremely wide range, such 
as from .001 ohm to 10 million ohms, or 10 “ megohms.” This is 
obtained by making a permanent circuit connection at the point 
D, and providing a series of resistance coils in the ratio arms P 



and Q and in place of the standard S, which can be cut out of 
circuit by means of short-circuiting brass plugs, so that a very 
wide range of ratio, and a wide range of standard resistance 
adjustable in small steps is provided. 

In the small bridge illustrated in fig. 113, there are three coils 
of 1 ohm, 10 ohms, and 100 ohms at each ratio arm, these two 
arms forming the top line of brass plug blocks starting at the 
key connection to the middle block, and extending right and 
left. The maximum ratio obtainable is therefore 100—1, and 
the minimum 1—100. 

The measuring arm allows any resistance from 1 to 11,110 
ohms to be inserted in unit steps in the circuit. The actual circuit 
connections are indicated by the lettering, the unknown resistance 
being connected to the two terminals RR. 

To measure its value, proceed as follows : Commence with 

120 




FOR WIRELESS TELEGRAPHISTS 

a one to one ratio by removing for instance the 10 ohm plugs 
from the two ratio arms ; then by removing plugs as found 
necessary from the measuring arm^ endeavour to balance the 
bridge so that on first depressing the battery key KB, which 
applies the E.M.F. to the circuit, and then depressing the galvano¬ 
meter key KG which completes the bridge, no deflection is 
obtained. The unknown resistance is then obtained as before 
by multiplying the value in the measuring arm by the ratio of 

P 

the two resistances in the ratio arms, or R = S ' 

Q 

Where an equality ratio is used such as 1/1 or 10/10 or 100/100, 
the measuring arm gives a direct reading, but the accuracy is 
not so great as can be obtained if full use is made of the ratio 
arms. Thus, a two figure resistance which measures 50 ohms 
with an equality ratio may measure 50.01, for instance, if a ratio 
of 1 to 100 is used. 



Fio. 114. The Megger. 


Resistances greater than the maximum in the measuring arm 
are measured by employing a high ratio, and resistanees less than 
the minimum by employing a low ratio. 

The galvanometer used for workshop tests can be a sensitive 
pointer instrument, and for higher grade testing, a D’Arsonval 
galvanometer such as has already been described. 

The Megger 

The “Megger” or “ Ohmmeter ” is usually employed to 
measure insulation resistances of the order of 200 megohms down 
to 200,000 ohms, but instruments are also made which give 
readings down to 1,000 ohms. 

This instrument (fig. 114) has a moving part consisting of a 
current coil and a potential coil joined together on a common 
spindle with their magnetic axes at a particular angle, which 
moves in the field of a permanent magnet. 
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The reaction between the field and the current in the current 
coil produces a torque in one direction, while the reaction between 
the field and the current in the potential coil produces a torque 
in the opposite direction, so the resultant deflection is proportional 

to'J=R. 

Connection to the instrument is made at the “ Line ” terminal 
marked L, and the “ Earth ” terminal marked E. 

The source of testing E.M.F. is a hand driven magneto generator, 
the handle being fitted with a free wheel attachment to the gear¬ 
ing, and the generator armature with a friction clutch drive, which 
releases when the driving speed exceeds a certain fixed value, 
and so maintains a constant E.M.F. as long as the handle is 
turned at about this critical speed. 

The Ducter 

This instrument is designed on similar lines, but is intended 
for the measurement of extremely low resistances down to 
0.0005 ohms. 


The Frequency Meter 

If we wish to measure the number of cycles per second of an 
alternating current within the range 10 to 1,000 cycles per second, 

it is usual to employ an instru¬ 
ment called a “ Frequency 
Meter.” Of the several forms 
this may take, the most direct 
method for determining such fre¬ 
quencies is by means of a series 
of steel reed R (fig. 115), with 
wliitened ends, which are graded 
in size and therefore in different 
periods of mechanical vibration, 
and are subject to the magnetic 
Frequency f ^ clectrO-magnet M. This 

Meter. magnet IS energized by current 

through the winding W, and if 
this current has the same frequency as that of any one of the tuned 
reeds, that particular reed will respond and vibrate strongly, and 
its whitened end which shows on the front of the instrument will 
appear to broaden out and so indicate the frequency of the supply 
current. Reed frequency meters, like voltmeters, are connected 
direct across the supply. 



Power Measurements 

In previous chapters we have not had occasion to discuss the 
Power employed in an electric circuit, but the importance of 
knowing the rate at which energy is supplied to, or dissipated 
in a circuit, is too obvious to require argument. 
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Mechanical power is measured in foot-pounds per second ; a 
force applied to a mass of so many pounds lifts it against gravity 
so many feet per second, and the power applied is given by the 
product of the mass by the feet per second lifted, or, alternatively, 
the force applied may lift so much mass per second a given 
number of feet, as in the action of a mechanical conveyor, or 
by a load travelling up a moving staircase, the mechanical power 
still being measured by the product of the mass per second, and 
the number of feet it is lifted. 

The last case is the analogy of electrical power which can be 
defined as the electrical mass in coulombs which every second is 
raised to a potential of so many volts in the electric circuit. 
But one coulomb per second is one ampere, so that electrical 
power is measured in volt-amperes, and a unit of power is 
developed in a circuit when one ampere flows at the electrical 
pressure of one volt. The unit of power is called the Watt, and 
the practical unit is 1,000 watts, or one kilowatt, which is approxi¬ 
mately equal to horse-power, one horse-power being equal 
to 550 foot-pounds per second. 

One method of measuring the electrical power supplied to a 
circuit is to obtain readings of current and voltage by using 
instruments of the type already described, and then multiply 
the values together. This can be done for direct current only. 
Under certain circumstances, a correction factor is required for 
calculating A.C. power in this way called the “ power factor,*' 
which will be discussed in a later section. 

Wattmeter 

The Wattmeter is a direct reading instrument having a move¬ 
ment which responds to the resultant of the current and E.M.F. 
effects of the circuit and so can be calibrated to indicate in watts. 
It works on the dynamometer principle, but its two coils are not 
connected in series as in the ammeter and voltmeter of this 
type, the main coil which is fixed carries the current, and the 
moving coil which is in series with a fixed resistance is connected 
across the circuit supply and so carries a current which is propor¬ 
tional to the E.M.F. applied. 

The reaction between the field due to the “ current ” coil, 
and the field due to the “ volt ” coil causes the volt coil with its 
pointer to turn on its axis, the turning moment being resisted by 
a spring, and the deflection is calibrated in watts, the readings 
on A.C. being “ root-mean-square ” values (see Chapter XIII). 
The D.C. watts, or kilowatts, shown by the wattmeter, agree 
with the product of current and volts obtained from the readings 
of the circuit ammeter and voltmeter, but with alternating current, 
unless the circuit contains only resistance and no capacity or 
inductance, this agreement does not occur, the true watts as 
shown by the wattmeter being less than the “ volt-amperes.” 

This is due to the current being out-of-step, or “ out-of-phase ” 
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with the E.M.F, so that the combined effect is less than it would 
be if they were in step, or “ in-phase.” 

In order to obtain the true power supplied by alternating 
current to a circuit, the apparent power as given by the 
voltamperes must therefore be multiplied by a constant called the 
“ Power Factor,” this constant being determined by the electrical 
characteristics or the “ reactance ” of the circuit. 

Energy Measurements and Electricity Meters 

Finally, it may not be sufficient for us to know the rate at 
which energy is supplied to a circuit, we may also wish to know 
the total amount of energy supplied over an interval of time to a 
circuit, the instantaneous values of the true watts must be added 
over the total period. 

Watt««Hour Meter 

For this purpose a watt-hour meter is employed, and the result 
of the integration is expressed in watt hours, or kilowatt hours. 

A common form of D.C. watt-hour meter consists of a small 
commutator motor, the fixed field coils of which are connected 
in series with the load, and carry the main current as in the 
dynamometer wattmeter, while the armature coils in series with a 
resistance are connected across the supply terminals and so carry a 
current proportional to the E.M.F. applied. 

The motor contains no iron either in the main coil field, or in 
the armature, so that all magnetic effects are directly proportional 
to the current flowing through the coils. 

On the main spindle below the armature is fitted a magnetic 
brake device, a disc of copper or aluminium which rotates between 
the poles of a permanent magnet, and so forms a magnetic brake, 
the eddy currents induced in the rotating disc causing a torque 
which opposes its motion. The spindle gears into a light train 
of counter wheels which indicate on dials the total number of 
revolutions of the armature since the last time they were set, 
and therefore the integrated energy given to the circuit in the 
interval. 

A commutating watt-hour meter can also be used for alternating 
current on a non-inductive load, as the currents in the field and 
armature coils then reverse at the same time, and the armature 
therefore continues to rotate in the same direction, but on a 
reactive load, and particularly when the power factor is low, an 
error arises for which a correction is made by means of a non- 
inductive shunt placed across the field coils of the instrument 
and called a “ lag coil.” 

The Induction Watt'•Hour Meter 

This is very generally used for alternating current. 

If we have two coils of equal magnetic strength placed with 
their planes perpendicular and having currents flowing through 
them which are 90® out of step with each other, it can be shown 
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that the resultant field at the axis of the two coils has a constant 
intensity, but it rotates in direction with a constant angular 
velocity so that it moves once round the axis in the time required 
for one complete cycle of current to pass through the crossed coils. 
If we now place a metal cylinder on the axis, this rotating field 
will cut the cylinder, induce currents in it, and the cylinder will 
revolve in the same direction as the field rotates. 

In the practical case, fields of the potential and current coils 
are strengthened by the use of laminated iron yokes, and these 
two fields are applied at right angles to a copper disc which takes 
the place of the cylinder mentioned above. A magnetic brake 
is used, and the disc spindle drives the gear of a counter as before. 
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CHAPTER XII 

SWITCHBOARDS AND SWITCHGEAR 
The Function of Switchgear 

J HE function of switchgear is to control the distribution of 
the power derived from the main generating equipment 
to protect the electrical network and apparatus connected 
thereto from overloading. This function is carried out in the 
switchboard which consists of the bus-bar system which receives 
the power from the generator and the controls for the various 
circuits including those of the generating plant. In addition^ 
the switchboard usually incorporates the measuring instruments 
which are required for the installation, and the actual regulation 
of the generating plant may also be effected at this point. 

Whereas in the case of low power, all the switches, regulators, 
etc., can be actuated by hand, in the case of high power and high 
voltages it is necessary that automatic control be used. 

In addition to this, where high voltages have to be considered, 
further precautions have to be taken to reduce to a minimum 
the possibility of any insulation failure which may affect either 
the operator or the apparatus. 

Switches 

Under the above heading can be included all instruments 
the purpose of which is to break or make any circuit, at will. 

For circuits involving low currents, these consist of movable 
blades bridging two contacts. For large currents the blades may 
take the form of brushes. 

For high voltage alternating currents, the switch may be 
immersed in oil, and the actual make and break of the currents 
take place in this medium. 

Circuit Breakers 

The ordinary switch, when fitted with an automatic opening 
device is termed a circuit breaker. These can be divided into 
two classes. 

1. Air-break circuit breakers. 

2. Oil-immersed circuit breakers. 

All air-break circuit breakers can be considered under two 
headings, viz.: the “ fixed ” and “ loose ” handle patterns. 

In the fixed handle pattern, the circuit breaker can be held in 
position by the action of the operator, and until this handle is 
released, the automatic gear is rendered inoperative. 

The loose handle type is arranged in such a way that it can 
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automatically open up again the moment it is closed if the 
automatic gear acts. 

A typical example of such a circuit breaker is shown at FEDC 
in fig. 116. If, on closing the switch, too heavy a current flows, 
the solenoid pulls an armature towards it releasing a trip, and 
causing the breaker to open again. This action occurs irrespec¬ 
tive as to whether the handle is held up or released. 



Fia. 116, Marconi Battery Charging Switchboard. 
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For the breaking of high voltage high-current circuits, oil- 
immersed circuit breakers are generally employed. In these the 
whole of the actual breaking mechanism is immersed in oil, but 
in marine radio practice, the power dealt with is generally not 
sufficient to justify the use of oil-immersed circuit breakers. - 
For operating large switches, electrical devices are sometimes 
employed. These generally take one of three forms. 

1. A motor operates springs which perform the opening 
and closing of the switch. 

2. A solenoid is employed for closing, and another solenoid 
or spring is used for opening the switch. 

3. A motor, geared in a suitable manner, closes and opens 
the switch directly. 

Circuit breakers of the above types may be equipped with 
various forms of automatic devices. 

Maximum or Overload Devices 

These are relays which cause the switch to open if the current 
flowing exceeds a certain value. 

Reverse Current Devices 

In this case relays are provided to open the switch if the 
direction of the current should suddenly change, i.e. as in the 
case of a main generator charging switch. 

Low Volt Devices 

Circuit breakers are often equipped with relays which cause 
them to operate on the potential falling below a certain value. 
Such low volt relays are largely used on circuits which convey 
power to motors, as it is essential that these motors, once having 
stopped on account of low-voltage, should not automatically 
restart on the supply voltage being restored. 

Minimum Relays 

These are set to operate when the current falls to a predeter¬ 
mined value below normal, and are usually employed in connection 
with battery charging. 

Time Limit Devices 

Time limit devices are used for delaying the action of any relay 
for a predetermined time interval. 

Insulators 

All insulators used in conjunction with switchgear may be 
divided into four principal classes : 

1. Pillar insulators which are used for supporting conductors 
which are under mechanical pressure. 

2. Pin insulators which carry put a similar function to 
(1) but may be used in the open where they are exposed to 
rain and generally more severe conditions. 
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3. String insulators used for suspending conductors from 
overhead supports. 

4. Bushes which are used for carrying conductors through 
sheets of metal, or other conducting or semi-conducting 
material. 

The types of insulators usually met with in radio apparatus 
consist of classes (1) and (4). 

The greatest voltage ordinarily met with on the transmitting 
apparatus of marine wireless installations is of the order of 10,000 
volts and for conductors at this voltage pillar type insulators are 
usually employed. These are generally made from porcelain 
and vary in dimensions from I'" to 6" high and from y to 2'' 
in diameter. Such insulators are'usually ribbed or corrugated 
to provide longer leakage paths. 

The bushes are generally of ebonite for low voltages and of 
porcelain for high voltages. 

String insulators are used for supporting aerials and are gener¬ 
ally built up from units to form a chain. Illustrations are given 
in Chapter XVIII. 

Fuses 

In cases where the employment of overload cut-outs are not 
desirable, metal links can be inserted in a conductor which melt 
and break the circuit when the current passing through them 
exceeds a certain value. They are usually made of metal with 
a low melting point such as lead or tin. 

Their use is generally confined to low current circuits. On high 
current circuits the amount of metal to be melted would be con¬ 
siderable, it would be difficult to control and quench the resulting 
arc, and the risk of damage to the apparatus would be great. 

Voltage Regulation 

This plays an important role in radio transmitter adjustment. 
The life of transmitting valves is considerably shortened if the 
wrong voltage is applied to the filaments. 

The regulation of the generators themselves is effected by means 
of regulators or rheostats placed in the excitation circuits. These 
rheostats are usually controlled by hand but can also be auto¬ 
matically actuated by motors which revolve the switch arms. 
Relays can be introduced which cause the actuating motors to 
revolve in one or other direction, according as the voltage of the 
generators rise or fall. In this manner the voltage of the system 
can be kept remarkably constant. 

Automatic regulators are often employed, which usually control 
the field of the exciter. Such regulators may be applied to control 
groups of machines, or may be installed to control separate units. 

Meters 

For the correct and rapid estimation of the performance of 
any electrical installation, it is essential that the currents and 
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voltages present in the various circuits should be easily ascer¬ 
tainable, and to this end, ammeters and voltmeters are inserted 
in these circuits. In dealing with alternating currents, it is often 
essential that we should know the exact frequency of the supply, 
and frequency meters are therefore found on the main transmitter 
switchboard. 

A description of these instruments has already been given in 
Chapter XI, and we shall now see to what uses they are put in 
typical switchboard design. 

Marconi Battery Charging Switchboard 

A typical battery charging switchboard of the simplest type is 
shown in fig. 117. It will be seen that it consists essentially of two 
circuits, one for the dynamo, and the other for the battery. 
Each of these circuits is protected by an isolating switch A, B, 
and the dynamo circuit has a circuit breaker in it to disconnect 
it from the battery. The other components of the switchboard 
are : 

Fuses in each lead of the battery and dynamo circuits. 

A guard lamp to indicate when the main supply is connected. 
A voltmeter switch to enable the voltage of the circuit to 
be read when desired. 

A lamp for the general illumination of the switchboard. 

The fuses are of the cartridge type, i.e. they consist of the fuse 
wire completely enclosed by a cardboard cover, the space between 

the cover and the wire being 
filled with some non-inflammable 
material to prevent the molten 
metal being scattered about in 
the event of the fuse blowing. 

The main circuit breaker is 
of the overload type, i.e. it is 
provided with a magnetic device 
which causes the breaker to open 
if the current passing through it 
exceeds a certain specified figure. 
An adjustment is provided to 
enable this fmure to be altered 
if desired. The action of the 
breaker is as follows. When 
the main current which passes 
through the solenoid C exceeds a 
certain value it causes the shoe 
to trip the blade of the breaker. 

The voltmeter switch enables 
the voltage of either the battery 

or the dynamo to be obtained. 

It will be seen that, if the batteries are being “ floated,” i.e. 
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are beitig charged and discharged at the same time, the ammeter 
will register the difference between the charge and the discharge 


currents. 



Fio. 118. Diagram of Connections, 
('barging Board BS31 A, 


Means are provided for altering 
the zero position of the needles 
of both the ammeter and the 
voltmeter. Where the per- 
formanee of the system is needed 
accurately, it is advisable to check 
each of these zeros before taking 
readings. If they should be 
wrong a slight turn on the ad¬ 
justing screw will be sufficient to 
bring the needles to the correct 
positions. 



Fig. 119. Connections of Charging Board 
BS31 /A to Ship’s Mains and Battery. 


Marconi Battery Charging Switchboard, Type BS31/A 

This type of battery-charging switchboarcl provides for charging 
batteries of 18 to 24 volts and for the periodic discharge of these 
batteries when lying idle. Interchangeable resistance mats of 
Goj, 12.5 and 25 w arc provided for ships’ mains voltages of 
25 volts, 110 volts and 220 volts. The battery is discharged 
when necessary through a 2a> discharge resistance mat. 

A 10-0-10 ampere ammeter and switches for charge/discharge 
and work/idle arc provided. 

A diagram of connections on the switchboard is shown in 
fig. 118 and of the method of connecting to a transmitter in 
fig. 119. 

Marconi Battery Charging Switchboard Type 242/D 

The latest type of battery-charging switchboard is known as 
type 242D. A^ diagram of its connections is shown in fig. 120. 

The switchboard is designed to charge two banks of L.T. and 
two banks of IT.T. accumulators simultaneously. Rectifiers can 
be incorporated in it to prevent discharge of the accumulators in 
the event of failure of the mains supply current. Suitable 
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Fig. 120. Battery-Charging Switchboard Type 242D. Diagram of Connections. 


charging rates can be selected by utilising lamps of various values 
in candle power. A table showing these is given below. 

The normal use of the switchboard is shown in fig. 121 (a), and 
fig. 121 (b) shows how the board can be used to give two separate 
L.T. and two separate H.T. sup})lies for different receivers. 

It should be noted that separate 120-volt H.T. batteries can 
only be used when a 220-volt mains supply is available. 


CHARGING RATES FOR 242 D. AND 242 D.R. CHARGING BOARDS 


Hattcry 

Main 

V'^olts 

Carbon 

Filament 

Lamps 

212 D.ll. 
llectifier in 
Circuit 

(Uiarpinj? Hate 

242 D. 

Heotifier out of 
(’ircuit 

CharginK Hate , 

Remarks 

L”t. 2v' : 

~Tib 

220 

' 2-^) c.p. In 
parallel 
250 c.p. in 

parallel 

! 2.25 amps. 

' 1.75 amps. 

1 

! 2.26 amps. J 

i 1.75 amps. | 

! 

This is the total L.'P. 
charging rate when 
charging one L.T. 
battery. If the two 
L.T.’s are on cl)arge at 


the Rtiine time these 
rates would he halved 


H.T. 48v 

110 

One 8 c.p. 

One Hi c.p. 

One 32 c.p. 

One 50 c.p. 

120 in/umi)S. 
190 in/ainps. 
220 in/nmp8. 

1.30 m/amps. 

220 m/amps. 

i 

H.T. 72V 

110 

One If) c.p. 

One 32 c.p. 

No lamp 

140 rn/amps. 

120 m/ampa. 
250 m/ampa. 

Short Circuit Adaptor 
fitted in socket. Ilea, 
of rectifiers in the 
charging eircuit only 

H.T. 48v 

i 220 

One If) c.p. j 
One 32 c.p. ■ j 

140 in/amps. 
230 m/amps. 

190 m/ampa. 


H.T. 72V 

220 

One IG c.p. 1 

One 32 c.j). j 

1 One 50 c.p. 

i 170 in/ainp8. 
250 ui/umps. 

IGO m/ampa. 
250 m/amps. 


H.T. I20v 

220 

One 32 c.p. 

One 50 c.p. 

1 140 m/amps. 

170 m/ampa. 
250 m/ampa. 

' 

! 
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72V. 48V. L.T. BATTERIES 

H.T. BATTERIES 


(a) 


REMOVE THIS LINK BEHIND REMOVE THESE LINKS BEHIND 

TERMINAL BOARD TERMINAL BOARD/! 



48V., 72V., OR 120V. L,T. BATTERIES 

H.T. BATTERIES 


(b) 


Fig. 121. Battery-Charging Switchboard Type 212D. Connections for use with (a) 
receiver; {b) two receivers. 
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Fig. 122. Front and Side View of Type 551 Switchboard. 


Marconi Battery Charging Switchboard Type 554 

This type of switchboard is provided for charging 24 volt 
batteries for various ship transmitters. An outline drawing of 
this switchboard giving front and side elevations and showing the 
arrangement of the resistance mats is given in fig. 122, and the 
theoretical wiring diagram in fig. 123. 

In order to meet varying supply voltages, different banks of 



Fig. 123. Wiring Diagram of Typo 554 Switchboard. 
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resistance mats are provided. Each bank is made into a separate 
unit, with its own terminal board and this can be placed behind 
the charging board and secured by four screws. 

Alternative mats of the following values are fitted for conditions 
as given in fig. 124 below :— 



A voltmeter is fitted on the board and is conneeted permanently 
across the battery “ B ” terminals, thus indicating the voltage 
available from the battery. 


Siemens Switchboard, Type SB68 

Front and back views and a diagram of connections of a 
switchboard manufactured by Messrs. Siemens Brothers & Co. 
Ltd. are given in figs. 125, 126 and 127. The explanatory list at 
the bottom of the diagram of connections will make the action of 
the component parts clear. 

Control of the following circuits is provided. 

1. L.T. circuits I and II for receivers. 

2. H.T. circuit for receivers. 

8. Ship’s mains circuit. 

4. Emergency mains circuit. 

5. Emergency battery circuit. 

6. A.C. mains circuit. 
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Voltmeters are provided for reading : 

1. Main or battery voltage. 

2. L.T. or H.T. battery voltage. 

3. A.C. voltage, 

and an ammeter for indicating the discharge current from the ship’s 
mains. 

The H.T. and L.T. accumulators are charged through one or 
more lamps according to the voltage of the ship’s mains and the 
current required. 

All the circuits are efficiently fused and an automatic circuit 
breaker is included in the main supply. 

This design is typical of that used in marine wireless installa¬ 
tions, and the principles laid down in the beginning of the chapter 
will be found to be adhered to in the construction of the switch¬ 
board, as shown in the front and back views in the photographs. 



Fig. 125. Siemens kw. Main ami Battery Cliarging Svvitchijoard, Type SBOS— 

Front View. 
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Fig. 12t). Siemens kw. Main and Battery Charging Switchboard, Type SBdb— 

Back View. 


Referring to the front view, the instruments are all of the 
moving coil type, with the exception of the voltmeter on the 
extreme right of the photograph, which is of the moving iron 
type. The voltmeter switches are mounted on either side of 
the H.T. charge/discharge switch immediately under the in¬ 
struments. These voltmeter switches are of the type 
wherein a series of blades separated by ebonite insulation are 
brought into contact one with the other by means of an arm 
projecting through the front of a panel. Such a switch is of 
course of no use for heavy currents, but is admirably suited for 
a voltmeter circuit. A diagram of a switch of this type is shown 
in fig. 128. 

The switches for the receiver L.T. and H.T. batteries are the 
three which are mounted on the ebonite blocks in the centre of 
the board. 
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Fra. 127. Siemens 1^ kw. Main and Battery Charging Switchboard, Type SB68— 
Wiring Diagram. 

Fuses for A.C. and D.C. mains and emerKf'Ucy battery. 

F 2 Fuses for L.T. batteries. 

MI D.C. main switch. 

M 3 Emergency main switch. 

A.C. main switch. 

C.^‘ an<l O 3 L.T. battery charge/discharge switches. 

C, H.T „ „ ,, switeln 

B Overload cut out main breaker. 

L, and L„ H.T. ehaige lamps. 

L 3 L., L 4 and L. L.T. charge lamps. 

A, Main ammeter. 

Vi Va and V 3 Voltmeters. 

S, and Sj Voltmeter switches. 



The main breaker is shown on 
the extreme left of the board 
under the left-hand instrument. 
This is actually in series with 
one side of the mains switch 
which is shown immediately to 
the right. The emergency mains 
switch is the second from the 
right and connects up the emer¬ 
gency mains to the emergency 
battery. Lastly, on the right is 
the A.C. switch in the keying 
circuit of the transmitter. 

Fuses for the various circuits 
are at the bottom of the board 
and consists of two mains fuses, 
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two receiver L.T. battery fuses, two emergency battery fuses, and 
two A.C. mains fuses. 

The switchboard S.B.68 has, to a large extent, been superseded 
by the S.B.190, a photograph of which is shown in fig, 129. It 
will be noticed that the majority of the fuses have been replaced 
bv small circuit breakers which serve the dual function of switch 
and fuse. 



Fig 129.—Siemens Switchboard Type SB 190. 
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CHAPTER XHI 

ALTERNATING CURRENT EFFECTS, AND VECTOR 

DIAGRAMS 

A Swinging, or Alternating Current 

W HEN we were considering the production of an electric 
current by rotating a coil in a magnetic field so that 
it cut through the lines of force, we found that it was easier to 
produce a current which flowed through the circuit first in one 
direction increasing from zero to a maximum and then falling 
to zero again, and afterwards flowed in the opposite direction 
increasing from zero to a maximum and then decreasing to zero 
once more, this sequence being repeated rhythmically as long 
as the machine rotated—than it was to produce a current which 
flowed through the circuit always in the same direction. 

In fact, the alternating cur¬ 
rent stage preceded the direct 
current stage, the machine gener¬ 
ating alternating current which 
was then rectified or transformed 
into direct current by means of 
a commutator and stationary 
brushes which were added to the 
rotating armature. 

The Conical Pendulum and Har^* 
monic Motion 

Physics abounds in instances 
of this swinging of energy above 
and below a zero line of equili¬ 
brium, and this behaviour of 
electric and magnetic energy, its 
meaning and its results demands 
our close study. 

A mechanical parallel is af¬ 
forded by the conical pendulum. A uniform circular motion seen 
edgewise becomes an accelerated motion along a line as illus¬ 
trated by the projection shown in fig. 180, the conical pendulum 
bob apparently moving faster at the mid-point of its swing in 
front of the eye of the observer than when it reaches the extent 
of its travel and swings back again. If, as in this ease, the acceler¬ 
ation is proportional to the distance of the moving point from the 
centre of the swing, this is called a “ simple harmonic motion.” 
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Fig. 130. Conical Pendulum and Har¬ 
monic Motion. 
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The Pendulum and the Sine Curve 

Let us follow the motion of the moving bob and plot its dis¬ 
placement from a zero line X Jf, (fig. 131), at equal increments of 
angular swing which are equivalent to equal increments of time. 
Then when the bob has reached the point 30° on its circle of swing, 
the extent of the swing away from the zero line is 30a. Now 
30a is the sine of the angle through which the bob has swung 
since leaving the zero line, taking the radius as unit length. 

Similarly, when the bob reaches the point 60° on the circle 
of swing, the displacement will have increased to 60^. Also 
when the bob has reached the point 90° on the circle of swing, 
it will have reached its maximum displacement, which is called 
the “ amplitude of the vibration,” ana the sine of the angle will 
l>e unity. 

If further positions of the bob are chosen, and the extent of 
the swings are transposed as before, the curve so formed will 



commence to fall, it will pass through zero and then rise on the 
negative side. The next complete swing of the pendulum can 
be transposed in the same manner with the result that a periodic 
curve is formed. This is another example of the “ sine curve,” 
which was first referred to in Chapter X. 

The importance of this curve is that it represents a simple 
vibration, and the system which gives rise to it, whether mechani¬ 
cal or electrical, possesses a simple harmonic motion of only one 
frequency ; and any departure from a sine curve indicates a 
compound vibration of two or more frequencies. 

The Vibrating Strip Spring 

A simple harmonic motion need not, however, be necessarily 
circular, or conical. 

In the case illustrated in fig. 132 a vibrating strip spring with 
a heavy bob at the end is made to inscribe its motion on a moving 
band of paper, and we see that its accelerated motion measured 
in the plane of the motion gives the same result as can be obtained 
from the uniform motion of a conical pendulum bob, a sine 
curve. The linking of the uniform motion of the conical pendulum 
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with the accelerated motion of the strip spring by means of the 
sine curve tells us something else. 

The pendulum in the first case—apart from the friction losses 
which may be neglected in the present argument—has the same 
total energy which in this case is all kinetic, at every position 
of its swing, the kinetic energy of the spring, however, is variable. 
Why should it die away and then increase again and continue 
to vary in this manner ? Because, as with the conical nendulum, 
the total energy is the same all the time, but insteaa of being 
all kinetic, it changes its character, part being stored in the 
stiffness of the spring as potential energy when the spring is 
bent to its utmost, and then it is changed once again to kinetic 
energy as the spring recovers and vibrates on the return swing. 
The periodic transformation in a simple harmonic manner of 
electrical energy from the kinetic to the potential state, is char¬ 
acteristic of the behaviour of alternating current circuits which 
contain either capacity or inductance or both. 



Fio. 132. The Vibrating Strip Spring. 


The D.C. Charge of a Condenser and its Discharge 

When the power switch in a D.C. circuit containing a con¬ 
denser is closed, a fiow of current takes place which charges the 
condenser. In the circuit outside the condenser the energy is 
all kinetic, in the condenser itself the charge which is piling up 
is potential energy. Finally, the kinetic energy decreases to 
zero, and the potential energy increases to a maximum when the 
condenser charge has the same potential as the main supply. 

This operation is illustrated in the first part of fig. 133, which 
sho>vs the charge and discharge of a condenser in a circuit, which 
has a certain amount of resistance in it. The power switch is put 
in at the point A, and the charging current first rises to a maximum 
and then falls, reaching zero at B when the back E.M.F. of the 
condenser has the same value as the applied E.M.F. During 
the period from B to C which follows, all the circuit energy is 
stored as a charge in the condenser. 

At the position C, the main supply is Switched off and the 
condenser circuit is closed through the resistances so that the 
applied E.M.F. falls to zero, the condenser discharge current 
rises to a maximum and then falls to zero as the condenser E.M.F. 
giving rise to the discharge current gradually falls to zero. 
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An analogous expression to that given on page 89 holds for 
the current value i at time t after the potential difference has 
been applied. This is 

R 

Similarly, if the condenser is discharged through a resistance 
the current will decrease according to the relation 

V_E OR 


The minus sign prefixed to the left hand side of this expression 
merely indicates that the current flows in an opposite direction 
to the charging current. 

The quantity RC is called the “ time constant ” of the con¬ 
denser circuit; it is the time taken for the current to fall from 
E 

its maximum value of ^ to 37 per cent, of this value. The time 
K, 

constant of a condenser resistance circuit plays an important 
part in radio work, e.g. in the design of resistance capacity 
amplifiers. 

The A.C. Charge and Discharge of a Condenser 

Now when an alternating current is applied to a circuit con¬ 
taining a condenser, the condenser is no sooner charged than 
the discharge commences and then the charge takes place in the 
opposite direction. 

To illustrate what happens in a diagram, we must first note 
that the interval BC in fig. 133 disappears, also the momentary 
conditions which exist when the j- 1 


power is switched on, and again charging 

when it is switched off, are current 

separated by so many eycles of I 

charge and discharge that in the \ir— 

general case it is not necessary 
to consider them, so that the \ 

first part of the charge, and the A 

last part of the discharge of \ 

fig. 133 do not come in. >> 

In Chapter I we saw that condense 
Q = CV. Then if C is constant, back em. 

a small increment of Q = 

at _ 

will result in an increment of iqo m, , 

V of value cf. But since the “ 

at 

rate of change of charge is equal to current, 

T r 

dt' 


CHARGING i _ J.~VCR 
CURRENT ^ " R f 
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C TIME 

\i • ' ■ 1 

K 1 
' ^ 1 
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XD 
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DISCHARGE 

BACK EM.F. 
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Fig. 133. The Charge and Discharge of 
a Condenser. 


I, therefore 
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If we apply an alternating E.M.F. to a condenser we can, 
therefore, determine the value of current at any instant by taking 
the product of the capacity, and the slope of the voltage curve. 
From this it will be seen that when the voltage is zero, this slope 
is maximum positive, and therefore the current will be maximum 
as shown at A, fig. 134 (6). Between A and B the slope of the 
voltage curve remains positive, 
but decreases until at B, when 
the voltage is a maximum, the 
slope is zero and therefore the 
current zero. Between B and 
C the slope increases from zero 
to its maximum negative value at 
C resulting in maximum negative 
current. Between C and D it re- Fia. I3i. The a. C. (Charge and Discharge 
mains negative but again reduces ^ (^ondens^ r. 

to zero, and from D to E changes from zero to the same maximum 
positive value at which it started at A. The slope of the sine 
curve at any angle is equal to the cosine of that angle, 
so that the current follows a cosine curve. If the voltage is 
represented by Sin = 0, then the current will be equal to Cos 0 
or Sin (0 + 90"^). Thus the currei\t through a condenser leads 
by 90° on the voltage, i.e. there is a difference in the time when 
the current and E.M.F. reach their maxima, a difference in 
“ phase,” as it is usually called—and the current is at its maximum 
first—it “ leads ” the applied E.M.F., by 90°. 

The Condenser Leading Current 

The curve ABCDE (fig. 134) is a sine curve, and is produced, 

as shown in fig. 131 of the conical 
pendulum, by one complete 
cycle of swing or of alternations. 
This complete cycle is 360° 
of angle, and the points ABCDE 
at zero, maximum negative 
zero, maximum positive,and zero 
again, are separated by in¬ 
tervals of 90° of angular swing. 
When an alternating current 
is applied to a circuit containing 
a condenser, and the circuit has 
resistance and inductance which 
are negligible, the current will 
lead the E.M.F. by a phase angle 
of 90°. 

A D.C. Circuit Containing 
Inductance 

Next let us consider the case 
of a D.C. circuit containing inductance, and in which the 
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resistance is sufficient to make the action dead-beat. Then 
on closing the power switch, which applies the E.M.F. at the 
moment A (hg. 135 (a)), the current does not rise to its full value 
immediately, only part of the energy becomes kinetic to start 
with, the remainder is applied as potential energy to overcome the 
inertia of the surrounding medium resisting the growth of the 
magnetic field produced by the current, which shows itself as 
back E.M.F. in the circuit. As the current reaches its maximum, 
and the rate of its increase is reduced, the opposition of the medium 
to change is reduced, the back E.M.F. falls and finally reaches zero. 

From R to C the current is steady, and there is no back E.M.F. 
induced. On opening the power switch, the current does not fall 
away to zero immediately, and the inertia of the medium causes 
an E.M.F. to be induced in the circuit in the same direction as 
the original impressed E.M.F. Both current and induced E.M.F. 
finally reach zero together. (See also page 86.) 


An A.C. Circuit Containing Inductance 


If we now consider the case of an alternating E.M.F. being 
applied to the same inductive circuit instead of direct current, 
as in the case of the condenser, one must imagine the interval 
BC to disappear, and taking the middle part of the oscillation 
only if a correction is made for the applied E.M.F. having a sine 
waveform instead of remaining at a steady value, then the rise 
and fall of the current to zero is accompanied by a back E.M.F. 
as shown in fig. 135 (b), thus when the value of current in a circuit 
is changing the magnetic field around the circuit will also change 
with the current, and from Lenz’s law as shown in Chapter IX, 
an E.M.F. will be induced in the conductor, which tends to oppose 
the change of current producing the field, the actual value of 
this opposing E.M.F. being equal to a constant (called the in¬ 
ductance of the circuit), and rate of change of current, that is 

Since it is an opposing E.M.F. we may give it a negative 


sign, with reference to current values. 


Thus E„ = - L f. 

at 


Referring to fig. 135 [h). Assuming an alternating current, z, 
to be flowing through the inductive circuit, let us consider the 
E.M.F. necessary to maintain this current. At A, the slope of 
the current curve is maximum and positive, thus the back voltage 

— L is maximum negative. Between A and B the slope of 


the current curve is positive, but decreasing to zero at B, so 
that Eb decreases in negative value to zero at B. Between 
B and C the slope of the current curve becomes negative and 
increases from zero to maximum at C, while the voltage rises 
from zero to maximum positive at the same points. From 
C to D the slope of the current curve remains negative but 
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decreases from its maximum to zero at D, the back voltage 
falling from maximum positive to zero at D, and on the last 
quarter cycle the slope of the current curve changes from zero 
to maximum positive at E, causing the back voltage to rise from 
zero to maximum negative. Thus to maintain the current it 
will be necessary at all parts of the cycle to apply an E.M.F. 
of value equal to En, but of opposite sign ^s shown by the full 
line E in the figure. It will thus be seen that in an inductive 
circuit the current lags by 90"^ on the applied voltage. 


Inductance Causes a Lagging Current 

It will be seen in fig. 136 that in the case of an inductive circuit, 
the applied E.M.F. is already at its maximum when the current is 

zero, and becomes zero when the 
current reaches its maximum 
—^the E.M.F. in fact leads the 
current, or the current lags 
behind the applied E.M.F., pro¬ 
ducing a current and E.M.F. 
oscillation as shown. 

When discussing phase dif¬ 
ference in an alternating current 
circuit, the phase of the applied 
E.M.F. is usually taken as the 
standard of reference. Thus, in 
a purely inductive circuit, the current lags 90® on the E.M.F., 
and in a purely capacitative circuit, the current leads 90® on the 
E.M.F.; or one may refer to the angle of lag being 90® in the one 
case, or the angle of lead being 90® in the other. 

Resistance Added to an A.C. Circuit Containing Capacity or 
Inductance 

Let us next find out what the effect is of adding a resistance 
to an alternating current circuit containing a condenser. We 
can plot out the E.M.F., current, and back E.M.F. curves as before, 
and then to complete the series, we must add the curve showing 
the current through the resistance which is in phase with the 
impressed E.M.F. 

It will then be found that the summation of the condenser 
current and that which represents the energy absorbed in the 
resistance, has the effect of reducing the phase difference between 
the current and the E.M.F. 

The effect of adding a resistance to a capacitative circuit is 
to reduce the angle of lead of the current. In a similar way, it 
can be shown that the effect of adding a resistance to a purely 
inductive circuit is to reduce the angle of lag of the alternating 
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current. These results can be arrived at in a simpler mannei 
by the use of vectors and vector diagrams. 

The Measurement of Current 

When current measurements are made, it is essential that the 
right class of instrument should be employed in order that the 
correct value of the current required should be obtained. 

For instance, if the current is fluctuating, we may want to 
know the maximum value, the average or mean value, or the 
root mean square value according to the character of the supply 
—whether direct current, or alternating current—and the object 
in view when taking the measurements. 

When current is employed for charging accumulators, we have 
to use a direct current supply, and the charge given to the 
accumulators is proportional to the average current and its 
duration. 

But suppose it is the heating effect of the current in which we 
arc interested. This is proportional to the square of the current, 
and the total heating is proportional to the average of the squares 
of all the current values, and the length of time during which this 
average of the squares is applied. 

If we want to charge an accumulator, the charging current 
must pass always in the same direction, that is, the positive main 
must be connected to the positive pole of the accumulator, and 
the negative main to the negative pole of the accumulator, and 
the amount of charge given will be proportional to the average 
current in the proper direction. 

If this method of connection 
is reversed, the accumulator will 
discharge. But if we pass a 
current through a wire and the 
wire heats up, it will continue to 
heat up even if the current is 
reversed. The heating is pro¬ 
portional to the square of the 
current, and the square of a 
current flowing in the positive 
direction, and the square of the 
current flowing in the negative di¬ 
rection both give a positive value. 

The Root Mean Square or R.M.S. Value of Current 

Suppose we have direct current of a value given by O I (fig. 
137 (a)). Then let this be passed through a resistance wire so that 
it heats it. Then the heating is proportional to I*. Now suppose 
that instead of the current being constant, it varies, but it is still 
always in the same sense. Thus if fig. 137 {b) shows a current which 
fluctuates between +1, and +1,, what is the heating value of 
such a current ? 



Fig. 137. Steady and Fluctuating 
Currents. 
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The average or mean value of the current is 


0 ^ + 01 , 

2 


, but 


the square of this does not give a true measure of the heating 
effect. Heating is proportional to the average of the squares of 


all current, to 


-|- (O In)^ 1 j. j. J.1 
and not to the 


squares 


of the average of all the currents. 



Fig. 138. A Reversing Current. 


Let us take another example. Suppose we have current which 
starts at I and passes through the values Ij, 1 2 , l 3 » ete., to zero, 
and then reverses and increases in the negative direction having 
values —1 3 , —1 2 , “Ii, etc., to —I as shown in fig. 138. Then 
the average or mean value of current is zero and the square of 
the mean current is zero, but the heating value is proportional 
to the mean of tlie sum of the 7i instantaneous squared values. 
Thus : 

mean p _ £ I' + I.’ + I-. • ■ ■ ■ + ( -I.)‘ + ( -!=)■ + ( -I.)’ 

n 

and the square root of this value is known as the Root Mean 
Square or R.M.S. value, and is the value shown on an A.C. 
ammeter or voltmeter. The accuracy of the R.M.S. value ob¬ 
tained by this method will depend on the number of ordinates 
chosen. 

Suppose we have a direct current which fluctuates too quickly 
for the needle of the ammeter to follow it. If a moving coil 
instrument is used, the needle will indicate the average or mean 
current, and if the current is employed for charging an accu¬ 
mulator, this is what we want to know, but if the current reading 
is to be squared to give the heating value or the loss in a resistance, 
the result will not be correct, it will be too low, as we shall have 
squared the average current, instead of taking the average of 
the squares of the instantaneous values of current. 

On the other hand, if we employ a hot wire instrument, this 
can be used either on D.C. or A.C., but it is calibrated in 
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R.M.S. values. It will read correctly on D.C. if the current is 
constant, but if the current fluctuates as shown in fig. 139, then 
the instrument will show R.M.S. 
values, and will therefore read 
high for accumulator charging, 
but will be quite satisfactory for 
current readings which require 
to be squared such as for power 
or heating calculations. 

In the same way it can be 
shown that with an alternating 
current, I, which has a sine 
waveform (fig. 140), the effective 
heating current is the square root 
of the mean of the squares of the 
maximum current values, that 
is, it is the R.M.S. value. 

The Maximum Value of Current 

There are other cases when 
it is the maximum value of the 
current or the E.M.F. which it is 
required to know, such as the 
current at which a relay acts, 
or a protecting mechanism opens 
a circuit, or the voltage at which 
an insulator breaks down, and in 
many alternating current calcula¬ 
tions it is the maximum value of 
the current or E.M.F. which is 
employed. 

Alternating current maximum 
values are seldom measured 
direct; they are usually obtained by measuring the R.M.S. value 
and then multiplying by ^2 if the supply has a pure sine waveform, 
and if it has not, a “ form factor ” is introduced as a correction. 

Virtual Watts, Power Factor and True Watts 

The R.M.S. values of current and E.M.F. are also called the 
virtual current, and virtual E.M.F., and the product of R.M.S. 
current and R.M.S. volts is called the volt-amperes ” or the 
“virtual watts.” 

It has been shown that the current and volts in circuits which 
contain reactance, that is capacity or inductance, or both, are 
not necessarily in step, and so the product of current and volts 
does not necessarily give true watts. 

The Power in true watts is obtained by multiplying the virtual 
watts by the power factor of the circuit, that is by the factor 
which indicates the extent to which the rise and fall of the current 
and volts are in step or “ in phase.” 
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Fig. 139. The Average and R.M.S. value 
of a Fluctuating Current. 



Fig. 110. The Square and R.M.S. values 
of an Alternating Current. 
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A power factor of unity, for instance, indicates complete in- 
phase conditions, and a power factor of 0.1 indicates that the 
true watts are only one-tenth the virtual watts. 

Power factor is discussed in more detail at the end of this 
chapter. 

Vector Diagrams 

In Chapter IV we referred very briefly to vector quantities, 
that is, to quantities which in addition to magnitude, also have 
direetion, and therefore cannot be completely specified without 
giving both the numerical value of the one in recognized units, 
and the bearing of the other relative to a standard direction of 
reference. 

Vector quantities are therefore described in terms of (1) a 
magnitude (2) an angle. Problems involving vector quantities 
can often be readily solved by the use of “ Vector diagrams.” 

A line, for instance, can be given magnitude, and the angle 
at which it inclines to a second line provides the angle of relative 
direction required. Then, to construct a vector diagram, we 
require two axes of reference, one for the magnitude, the other 
for the direction. 

Revolving Vectors 

A vector which continuously alters its direction, such as the 
E.M.F. generated in the rotating coil of a dynamo armature, is 
called a “ rotating vector.” 

A positive revolving vector is usually shown moving in an 
anti-clockwise direction. This is, however, not essential, and 
the actual direction of rotation should always be indicated by 
an arrow. The sense of the vector should also be indicated 
on it by an arrow-head. 

Some examples of vector quantities are given below commencing 
with those in which the quantities are cither in the same direction 
—that is the angle between them is zero—or in directly opposite 
directions, the angle between them being then 180®. 

It is usual to take a point O as the centre of origin, and then to 
set off to the right of it a line having the magnitude required. 
In many cases, a single axis of reference is suflicient. 



1 



1 



Fig. 141. Vectors for D.C. Circuit. Fio. 142. Vectors for an Accumulator 

under Charge. 

Vector Diagram for D.C. Circuit 

Consider, for instance, the vectors of E.M.F. and current in 
a D.C. circuit containing a simple resistance. An axis XXj 
(fig. 141), parallel to the top edge of the paper is then sufficient, with 
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a point of origin at 0, from which the D.C. E.M.F. would be drawn 
to the right as indicated by the length OE. The current in the 
circuit being in phase with the E.M.F. would be marked on the 
same straight line and in the same direction, as is shown by 
the length 01. 

An Accumulator under Charge 

In the case of an accumulator under charge, OE (fig. 142) re¬ 
presents the charging E.M.F., OVe the back E.M.F. of the battery 
which is therefore drawn from right to left instead of from left to 
right, and Vk IR which is the volt drop due to the resistance in the 
circuit and is therefore added to OVe. The axis XX^ is often 
omitted, but it should be remembered that this and the following 
diagrams must be constructed in the same way as if the axis were 
drawn in. 

Vectors of A.C. Inductive Resistance Circuit 

The vector diagram of a circuit containing resistance and 
inductance in scries is shown in fig. 143. The line 01 drawn to 
the right of O represents the 
value of the current. Owing to 
the inductance in the circuit the 
current lags the angle 6 behind 
E, the impressed E.M.F. This 
angle is therefore set off above 
the line 01 in the direction of 
rotation, and the length OE is 
marked off to the value of the 
impressed E.M.F. 

Now the impressed E.M.F. is 
the resultant of the E.M.F. 
required to overcome the resistance in the circuit which is in 
phase with the current, and the E.M.F. required to balance the 
back E.M.F, due to the inductance in the circuit, which leads 
the current by 90^". 

If then we draw a line OY from O perpendicular to 01, and 
drop perpendiculars from E on to OI at Eu, and on to OY at 
El we shall obtain the values of E.M.F. required to provide for 
the resistance drop in the circuit, and to balance the back E.M.F. 
The diagram can be completed by adding the vectors OVl 
( fig. 144), representing the back E.M.F. equal and opposite to OEl, 
the vector OIR representing the volt drop through the resistance, 
and OV, the resultant potential difference which the impressed 
E.M.F, OE has to overcome. 

Vectors of A.C. Capacity Resistance Circuit 

The vector diagram of a circuit containing resistance and 
capacity in series is shown in fig. 145. Here again, the line 01 
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represents the current which in this case leads tlie impressed 
E.M.F.—which has a value OE—by the angle 0. The angle 0 is 

therefore marked off below the 
line. In order to obtain the com¬ 
ponent of OE which is in phase 
with the current, and is therefore 
employed in overcoming the pure 
resistance of the circuit, a per- 
pendicuLar EEr is dropped from 
E on 01, and the length OEr 
then gives the desired value. As 
the current leads by 90° the 
E.M.F. required to overcome the 
back E.M.F. of the capacity in 
the circuit, a perpendicular OY 
is dropped below the line from 
the point O to obtain the correct 
phase angle, and a perpendicular 
from E to the line OY cutting it 
at Ec gives a length OEc, which 
represents the magnitude of the 
component in the impressed 
E.M.F. which balances the back 
E.M.F. of the condenser. 

The vectors in fig. 146 also 
show the back E.M.F. of the coiuhaiser Vc which leads the 
current by 90° and the volt drop Hi caused by the resistance, 
and the resultant potential difference, V, whicli the impressed 
E.M.F. has to provide for. 

Vector Diagram for Circuit Containing Resistance, Inductance 
and Capacity 

Let us next consider the case of a circuit which has resistance, 
inductance, and capacity in scries, and it is required to know the 
magnitude of the impressed E.M.F. for a given current, and the 
phase difference between this E.M.F. and current. Then from 
the point O (fig. 147) set off 01 to tlic right of O to represent 
the current. As the E.M.F. required to overcome the resistance 
in the circuit is in phase with the current, the P.l). due to the 
resistance as given by the product III must be set off in line with 
the current but opposite to it in phase at OIIl. As the E.M.F. 
induced by the change in current through the inductance, Vl, 
lags 90° behind the current, and the direction of rotation of the 
vectors as shown by the arrow being anti-clockwise, set off this 
value Vl from O, below the line and normal to 01. The back 
E.M.F. due to the capacity in the circuit leads the current by 90°, 
and is therefore set off from O normal to 01 and above the line 
at OVg. 




Fio. 144. Complete Vectors of Inductive 
Circuit. 
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We have next to find the resultant of OVc, OIR, and OVl, 
and having found it we shall 
know the P.D. which the im¬ 
pressed E.M.F. has to overcome. 

By completing the parallelo¬ 
gram of O, Vc, Vr + c, IR, O, 
the diagonal O, Vr + c, gives us 
the resultant of the resistance 
and capacity P.D.’s and by 
completing the parallelogram of 
forces O, Vr c, Vr + c + l, VlO, 
the diagonal OVr + c + l gives 
us the resultant of all the po¬ 
tential differences in the circuit, 
and the impressed E.M.F. must 
be of equal magnitude but op¬ 
posite in phase to it. 

The vector OE represents this 
E.M.F., and it will be seen that 
the current lags behind the 
E.M.F., the difference of phase 
being 6°. 

The value of a vector diagram, 
also often called a “clock dia¬ 
gram,” becomes more pronounced 
the greater the number of factors 
which arc introduced, and this will be realized when we study 
the operations of transformers. 

Rotating Vector of Dynamo E.M.F. 

Let us consider the case of an E.M.F. generated in a coil rotated 
in a constant magnetic field as illustrated in figs. 76 and 79, 
Chapter X. 

The rate^of cutting of the lines is greatest when the coil is 
passing tiirough tlie plane parallel to the field, and at this position 
the E.M.F. is a maximum. 

Let the axis AB (figs. 148 and 149{/>)) represent the direction 
of the magnetic field and from its centre O the vector OZ can be 
drawn to represent the magnitude of the maximum E.M.F. when 
the coil is in the same plane as the field. 

The coil will generate no E.M.F. when it is passing through the 
plane at right angles to the field. It will then be in the position 
shown by ABCD (fig. 149(a)). 

Then if we consider the E.M.F. generated in the coil as a vector 
we can specify it as 

' e — E sin 0 

where E is the maximum E.M.F. generated and 6 is the angle 
of rotation of the coil measured from the position shown in 
fig. 149(a). This gives us two axes of reference, AB and CD 

158 
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Inductance, Capacity Circuit. 
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(fi<r 149 (6)), which correspond to the similar axes in fig. 148, and as 
the’angle 0 is always altering, the E.M.F. becomes a “rotating 

vector.^* . , . . T. n# T-i • 

Thus at the position OZ, the magnitude of the E.M.I. is 

OZ sin e = OZ, at OZ, == OZ sin 0' = ZiE,, at 
OZa = OZ^m 0" = - Zj Ea and so on. 


A.C. Power Measurements 

It has been pointed out in Chapter XI that the D.C. Power 
supplied to a circuit can be obtained by measuring the current 
and the E.M.F. applied, and multiplying them together to give 
the power in watts. 

This is possible because with direct current, the current and 
E.M.F. are in phase, but where an alternating current supply is 
being used, the current and E.M.F. are only in phase when either: 

1. The circuit contains solely resistance. 

2. The leading effect on the current due to capacity is 
completely balanced by the lagging effect due to inductance. 

Should the conditions for (2) 
exist the circuit is said to be in 
a state of “ resonance,'’ and this 
will be discussed at greater 
length in another chapter, but 
the usual condition of an 
A.C. supply circuit is very far 
removed from resonance, and 
the terminal E.M.F. is out of 
phase with the current. 

Let us take a case where the 
current, I, lags 0*^ behind the 
E.M.F. (fig. 150). 

Set off a line 01 to represent 
the virtual current, and the line 
OE inclined to 01 at the phase 
angle 6 to represent the 
E.M.F. Then to find the 
power applied to the circuit, 
we must first determine the 
magnitude of the component 
of OI which is in phase with 
OE. 

To do this drop a perpendicular from OI on OE, cutting OE 
at Ir. Then OIr represents the magnitude of the in-phase 
current which at the applied E.M.F., OE, would give the same 
power in the circuit as the current OI with its lag of 0®. 

The equivalent in-phase current OIr is sometimes called the 
“ power current” or “ energy current,” and the other component 
I Ir into which the virtual current can theoretically be resolved 
is called the “ wattless current,” because it does no work in the 
circuit. 



c 

\ 

\ 
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Fig. 148. Rotatinij Vector of Dynamo 

E.M.F. 



Fio. 149. Positions of Armature Coil 
for Zero and Maximum E.M.F. 
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Power Factor 

Then power 

but 

and 


= OE X OIb 

^ A 
— cos U 

OIr = 01 cos 0 


so tliat power = OE x 01 cos 6 

= E.M.F. X current x cos 0 ; and cos 0 
is called the ‘‘power factor” of the circuit. 

Power factor is sometimes defined as the ratio of the electric 
power in watts to the apparent power in volt-amperes ; it is 



Fio. ir)(). A.C. Power and Power 
Factor (1). 



Fig, 151. A.C. Pow’er and Power 
Factor (2). 


also defined as the factor by which the apparent power must be 
multiplied to obtain the true power. The lower the power factor, 
the less is the efficiency of an alternating current circuit. 

The current components OIr and Hr discussed above, are 
unreal quantities, as there is only one phase of current through¬ 
out a simple series circuit, but we can, however, arrive at the 
same expression for A.C. power by finding the component of the 
applied E.M.F. which is in phase with the current, and is there¬ 
fore employed in overcoming the resistance of the circuit, and 
then multiplying the virtual current by this value. 

Let us use the same values of E.M.F., current and phase 
difference as before, then by dropping a perpendicular EEr 
on to 01 extended (fig. 151), the impressed E.M.F. OE, can be 
resolved into two components ORr in phase with the current 01, 
and EEr having a phase difference of 90° with the current. 

Then OEr will be the E.M.F. required to overcome the circuit 
resistance, and EEr, the component required to overcome the 
back E.M.F. due to the inductance in the circuit. 


The power used in the circuit will be 01 x OEr 


OEr 

OE 


= cos 6 


OEr = OE cos 0 
Power == OI X OE, cos 0. 
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Power Factor of Condensers 

When an alternating current is applied to a condenser the 

current should be all ‘‘ watt¬ 
less ” if the condenser has no 
internal losses or leakage, ahd 
is therefore a pure capacity. 

Sueli a condition is very 
nearly approaclicd but never 
reached, and the best con¬ 
densers have an extremely low 
])ower factor. 

In the case illustrated in tig. 
152, the virtual current 01 leads 
the a])])lied K.M.F. OE by the 
phase angle 0 and as this is less 
than 90° there is an energy loss 
in the condenser brought about 
by the in-phase component of the E.M.F. OEr which is (anployed 
in overcoming ‘‘ leakage,” or soakage,” or dielectric hys¬ 
teresis,” all of these qualities having the character of a resistance, 
and giving rise to the dissipation of energy as heat. 

The watt-less component of the applied E.M.F. is OE^, which 
is employed in overcoming the back E.M.F. of the condenser. 
The lower the power factor of condenser, th(‘ higher is its 
elficiency. 



Fig. 152. The Power Factor of a 
Condenser. 
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CHAPTER XIV 

ALTERNATING CURRENT FUNDAMENTAL FORMULAE 
The Production of an Alternating E.M.F, 

'^T^HERE are certain fundamental relations to be remembered 
when dealing with alternating currents. 

Suppose an armature coil revolves between the poles of a field 
magnet about an axis through O, fig,153. When passing through the 
position PP, the plane of the coil will then be at right angles to the 
lines of magnetic flux and no E.M.F. therefore will be generated 

in it. As it passes through the position QQ, ^ radians from PP, 

4 

the E.M.F. generated will be proportional to the sine of this 
angle as shown in the figure, and when the coil has its plane 



parallel to the lines of force, it cuts a maximum number, and 
the E.M.F. is a maximum. 

If we know this maximum value, the instantaneous value 
at any position in the revolution can be obtained by multiplying 
this value by the sine of the angle of inclination of the coil to 
the position at which it cuts no lines of magnetic flux. 

When the coil has made one revolution it will have moved 
through an angle of 360° or 2v: radians, and it will be seen that 
every revolution the E.M.F. curve repeats itself, it passes through 
one complete cycle, and if we multiply 27z by the number of 
revolutions, n, or the fraction of a revolution if necessary, we 
can get the angle the sine of which will give us the instantaneous 
value of the E.M.F. 

Instantaneous Value of Alternating E.M.F. 

Then if e is the instantaneous value of the E.M.F., and Eo 
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the maximum value, and n the number of revolutions of the coil 
per second, and t the time in seconds or fractions of a second the 
coil has been revolving 

^ = Eo sin 271 n t 

as in this case 2?: n is a constant, and t is a variable, the equation 
is often written 

f = Eo sin (o t 

where cu may be defined as the “angular velocity” of the coil. 

To recapitulate, expressing the results in a more mathematical 
form, if a rectangular conductor A13CD (fig. 149(a)), rotating at a 
uniform angular velocity a>, in a uniform magnetic field, an 
E.M.F, will be created at the extremities of this conductor 

dN 

having a value given by E = — ^ where N is the number of 

lines of magnetic force, or the magnetic intensity, and t is the time. 

If QQ (fig. 153) represents the projection of the rectangle on 
the paper, at any time ty the angle QQ makes with PP is 6 = ca/, 
and the number of lines cut is proportional to sin cot If at time 
^ r= 0, QQlies along PP, then E oc sin 0 = 0. Also, when QOP 
= 90, E has a maximum value and is equal to some constant Eo. 

7C 71 

Hence at cjt = ot t = 

2 zco 

E OC sin ^ = Eo. 

The complete expression for E atany timei (fig. 153), is therefore 
E = Eo sin (Dt. 

Now it is to be borne in mind that E is a vector, that is to say, 
it has a phase angle at any time t relative to an arbitrary phase 

dEi 

angle usually taken to be zero when E = 0 and is positive. 

It will be obvious, therefore, that a more complete way of ex¬ 
pressing E would be E = Eo sin wtl cot where Eo sin cot gives 
the magnitude, and jeot gives the angle at any time t. 

Alternating Current Definitions 

Certain definitions are very important with respect to the 
expression E = Eo sin cot. 

As already mentioned the angular velocity is given by cj. 
The “ phase angle ” of E is given by cuf, or 6. 

The “ periodic time ” which is the time taken to pass from 

O-p 

(ot = 0 to cot = 2tc is given by T = - and the “ periodicity ” 
or “ frequency ” or number of periods per second is obviously 
given by / = ^. 

Phase Difference of Alternating E.M.F. and Current 

Now let us assume that by some device we can apply an alter¬ 
nating E.M.F. to a circuit with the result that the current in 
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the circuit does not immediately follow the E.M.F. but rises to 
a maximum at an appreciable time after the E.M.F. has been 
applied. 

In other words, let us imagine a current and voltage to be 
represented as in fig. 154. 

Let us suppose that when E, which is represented by 
E = Eo sin cot has. attained a 
value Eo sin I, which is repre¬ 
sented by 1 = lo sin is a 
minimum and is just beginning 
to rise. That is when cot — <f>, 

I = lo sin 0 — lo sin (cot — <t>). 

Hence I lags behind E by an 
angle This is called the phase 
difference between the current 
and voltage. 

We have already seen that in 
the case of an alternating current 
applied to a pure inductance, the current lags the voltage by an 

angle <^ = ^. In the case of a non-resistive and non-inductive 

Jt 

capacity, the conditions are reversed and the current leads the 
voltage by an angle <l> When <^ = 0, the current and 

voltage are said to be “ in phase.” 

In all alternating current work, this “ phase difference ” plays 
a very important part, and a clear understanding of its significance 
is essential. 


El 



Fig. 154. Phase Difference between 
E.M.F. and Current. 


Resistance in A.C. Circuits 


We have seen that if a D.C. potential E is applied to the ends 
of a resistance R, the current I is given by Ohm’s Law in a very 
simple manner. 


I = 


R 


We can also express this in a graphical form as is shown below 
(fig. 155). 

In this curve, we can consider 
either: 

(a) The resistance to re¬ 
main constant, when the 
current will vary directly as 
the voltage (when I will be 
plotted along the x axis and 
E along the y axis). 

(b) The potential to re¬ 
main constant, when the current will vary inversely as the 
resistance, or 

(c) The current to remain constant, when the potential 
will vary directly as the resistance. 
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Let us now apply similar reasoning to the case of alternating 
currents. 

If we can represent the alternating v'oltage by the expression : 
^ = E sin wt. 

Where 

e = instantaneous value of E.M.P\ at time t, 
oj = Angular velocity of the voltage, 

= 27 : X frecpiency. 
t = value of time. 

Then we can easily sec that with alternating currents Ohm’s Law 
still holds, for the instantaneous value of current at any time 
for a pure resistance circuit will be given by the expression 

e 

/“R 

Self««Induction in A.C. Circuits 

Self induction effects produced by the starting and stopping 
of a direct current were considered in Chapter IX. When 
alternating current is used, similar principles apply. 

We know that when a varying Ilux links with a circuit, an 

dN 

E.M.F. is set up, the value of this being given by E = — 

Also we may write N — /?, for the number of lines of force in 
a circuit is directly proportional to the current, and we may 
express this as an equality introducing a constant /. We may 
now express the first equation as 

E = -/ 


and we may define I by putting equal to unity. In this case 

we shall have I = L, the coeflicient of self induction of the 
circuit, defined as a factor proportional to the E.M.F. produced 
in a circuit by unit rate of change of current in it. 

This is the theoretical definition. The practical unit of in¬ 
ductance, as pointed out on p. S t is the Henry, this being 
the inductance of a circuit in which a variation of current of 
1 ampere per second induces a potential difference of 1 volt. 

If the current is an alternating one and is represented by tlie 
expression : . t • . 

^ i == Iq sin cot .( 1 ) 

then the rate of change of current will be represented by 

= o^Iq cos cotf 
dt 

as shown in Chapter IV, but since 

cos 6 = sin (6 + 90®) 

then ^ = wlo sin (cot -f 90®) 

By definition of inductance e — L and therefore 


e — coL Iq sin (cot + 90°) 
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Comparing this with the analogous case of Ohm’s Law when 
dealing with resistance, the opposition to current flow is expressed 

by the ratio of voltage and current, that is 

Examination of the expressions (1) and (2) for e and i will 
show that the two sine waves are 90° out of phase ; the current 
wave is of amplitude Iq, and the voltage wave of amplitude 

€ 

ojh Iq, then the ratio of ^ is of value coL. 

This term, which is analogous to the resistance as given by 
Ohm’s Law, is termed the Inductive Reactance, and represents 
the opposition to alternating current flow giving a voltage drop, 
compared to which the current will lag by 90°. If, as is usual 
in practice, the inductance L has a resistance R, then the current 
flow will be opposed both by the resistance and by the inductive 
reactance. Since R produces a voltage drop in phase and wL 
one 90° out of phase with the current we can represent R and cuL 
as two adjacent sides of a right-angle triangle, and from Pytha¬ 
goras we know the length of the third side will be equal to 

Vll’* + (toL)» 

This term expresses the combined effects of resistance and re¬ 
actance, and the value of current is given by 

i = ^ 

~ VR" + (tuL)» 

This formula does not express directly the phase difference 
between the current and voltage of the circuit, but this relationship 
will be shown later. 

The henry is too large a unit for general use, and nearly all calcu¬ 
lations are therefore carried out in millihenrys (lm.h.=10 ® henry) 
or microhenrys (l[jL.h.=10 ® h.), or centimetres, (lcm.=10’^h). The 
mutual inductance of two circuits is also defined as the number of 
lines of induction which are common to the two circuits when 
unit current flows in each. 

This again is measured in henrys, millihenrys, microhenrys or 
centimetres. 

If a constant potential E be applied to an inductance L, having 
a resistance R, the only effect that the value of L will have on 
the circuit will be to increase the time taken by the current to 
rise to its full value which will still be given by 



If E is an alternating potential having a maximum value 
and an angular velocity w, then if e is applied to a circuit con¬ 
taining an inductance L, we shall have 

e 

^ a>L 

where i = maximum value of the alternating current, 
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o) = 271: X frequency of e 

and in this respect the formula is analogous to Ohm’s Law. 

If the inductance has a resistance R 

e 

* "" v 

In this formula the inductance L is assumed to have no capacity, 
and the difference in phase between i and e is not directly 
expressed. 

Example 

Find the current flow in an inductance of 2 henrys having a 
resistance of 10 ohms when an alternating potential of 200 volts 
at 100 cycles is applied to the circuit. 

i = 

VlO^ + 2r7T:" 100: 2 * 

(here the value of R may be neglected in comparison with L^cj^) 
_ 200 \ 

7r. 400 27 t: 

= *16 amps, (approx.). 

Capacity in A.C. Circuits 

It has been shown that the quantity of electricity Q stored 
in a condenser of capacity C, can be found by multiplying this 
capacity by the potential to which it is charged, V, or Q = C V. 
The application of a direct voltage to a condenser of a given 

capacity will therefore merely 
charge it up, so that in the 
illustration (fig. 156), the con¬ 
denser would become charged 
to 6 volts. If, however, a con¬ 
denser is used in a circuit where 
it is subjected to an alternating 
E.M.F., a charge and discharge of 
the condenser will give rise to an 
alternating current Ic, this current being represented by the rate 
of charge and discharge (since coulombs per second == amperes), 
that is 

T „ 

' di 

but Q = CV, hence I. = C 

di 

If the applied voltage be represented by 
V — y^ sin (x)t 

then =wYaCoswt 

= wV„ sin (u,t + 90°).(1) 

I = C ^ i = a>C\„ sin {<i)t 4- 90“) ... (2) 
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Comparing equations (1) and (2) it will be seen that equation 
(2) represents the sine curve leading that shown in equation (1) 
by 90°, and that the voltage curve has a maximum value Vq 
and the current curve a maximum value a>CVo; as in the case 
of the inductive circuit the opposition of current is represented 

by Thus 

* « = V» _ 1 

i ojCVo (jjC 

This term is called the Capacity Reactance of the circuit. 

Example 

Find what the maximum value of current flow will be when 
an alternating potential of 100 volts maximum, and of frequency 
50, is applied to a condenser of 1 microfarad capacity. 

L = 1 X 10 « X 2;r 50 X 100 

= = .03 amps, (approx.). 

It must of course be realized that the above figure represents 
the maximum value of current flow, 
of current and voltage in the circuit 
answer. This will be discussed later. 

Phase Difference in Reactive 
Circuits 

Now the applied E.M.F. E must be 
equal to the vectorial sum of all the 
P.D.’s in the circuit, and in the 
simple case where the circuit consists 
of a plain resistance ll, or several 
resistances Rj, R*, Rs, etc., the current 
I is in phase with the applied E.M.F. 
and therefore E = IR 

or E = I (Rj -{- Ra + Ra, etc.). 

But when the circuit contains 
inductance the back E.M.F., being 
proportional to the rate of change of 
the current, is zero when the current 
reachesitsmaximum,andisamaxiinum 
when the current is passing through 
zero, so that there is 90® difference of 
phase between the current and the 
back E.M.F., and to find the applied 
E.M.F. necessary to balance the volt- 
drop across a resistance in addition 
to the back E.M.F. in the inductance, 
we must first add these two terms 
together as vectors, and from the 
resultant we shall learn the magni¬ 
tude and phase of the applied E.M.F,, 

E, which is equal and opposite to it. 
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Fio. 157. Values of Vectors in an 
Iniluctive Circuit. 



Fio. 158. Values of Vectors in a 
Capacitative Circuit. 
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The magnitude of the back E.M.F. of an inductance is 

Vl = cuLI 

and Vr = IR 

Then from (fig. 157) the vector sumVe-f-L = 1 VR^ + (wL)^ and 
the phase angle between current and applied E.M.F. is now 6 
instead of 90°. 

It will here be seen that in an alternating current circuit 
containing inductance, the resistance factor R is now replaced by 
the term VR^ + which is called the “impedance ” of the 

circuit, the part due to inductance alone being called the “inductive 
reactance ” or “ reactance.” 

When the circuit contains capacity a similar method is employed 
to find the magnitude and phase of the applied E.M.F. (fig. 158) 
for in this case the back E.M.F. of the condenser leads the current 
by 90° when there is no resistance present—the current being 
zero when the condenser voltage is a maximum, and becoming 
a maximum when the voltage passes through zero—the phase 
angle being altered as shown when there is resistance present. 

If I = u>CYc 



1 

la>C)® 


capacity C, the vectorial 


and adding Yc to Vr vectorially (fig. 158), we have 

V„,C = I ^ 

and the phase angle between the applied E.M.F. and the current 
has been reduced from 90° to 6. Here also, the term under the 
root sign is called the “ impedance,” and the part due to the con¬ 
denser is called the “ capacity reactance.” 

If the circuit contains resistance R, inductance L, and 

sum of the lagging, leading and 
opposing com¬ 
ponents of the 
circuit poten¬ 
tial differences 
which arc 
shown in fig. 
159 (a), can be 
found by pro¬ 
ceeding as 
follows: The 
inductiv e 

Fio. 159 (a) and (i>).Values of Vectors in a Complete Reactive Circuit. lags 

the current 90°, and the condenser back E.M.F. leads the current 
by 90°. These two values OY and OY^, fig. 159 (a), are therefore 
exactly opposite in phase and so can be subtracted from one 
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another, giving the resultant OP. Since the inductive voltage 
in this ease is greater than the capacity voltage, the resultant 

OP is induetive in character and equal to I (coL—If this 

a>L 

resultant is added vectorially to the voltage drop due to resistance, 
as shown in fig. 159 (b), the applied E.M.F. required can be found 
both as regards phase and magnitude. 

This resultant E.M.F. is given by the expression : 




and the phase difference is given by the angle 0. 


Phase Difference Formulae 

The difference in phase between current and voltage in A.C^ 
circuits containing inductance and capacity can now be taken 
into account in the general formulae. 

In an A.C. circuit consisting solely of a pure resistance, the 
applied E.M.F. and the current are in phase so that the equation 
for the value at any time t can be written. 

E sin cot =RIh sm cot .(1) 

In a circuit containing a plain inductance and for the entirely 
hypothetical case when the inductance has no resistance, the 
back E.M.F. 

Vl = cuLIl.(2) 

and if the voltage applied to overcome the back E.M.F. has 
a minimum value at t — o, the current will have a mfbximum 
value at t ~ o, i.e. it will “ lag ” 90° behind the voltage, so that 
if at any instant the applied E.M.F. is represented by E sin coty 
the current will be represented by 1^ cos cot, and the equation 
connecting current and voltage will be 

E sin cot ~ (oIj I,, cos cot . (3) 

Where the inductance possesses resistance also, we may write 
from (1) and (3) 

E sin cot = I„+L (R sm cot coh cos cot) ... .(4) 

= Iii + L VR^ + co*L* (sin (cot + 4>)) (5) 
where tan <!> = 

R 

Here VH® + oj^L* represents the impedance of the circuit 
and the expression sin (cot + <l>) indicates that the current lags 
the voltage by 4>, This will, perhaps, be seen more clearly in 
fig. 160. 
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Transient Current in a Circuit Possessing Inductance 

Referring again to a circuit possessing resistance only, if a 
voltage is applied to this circuit, the current assumes the value 
given by Ohm’s Law with a velocity equal to the velocity of 

light, i.e. for all practical pur¬ 
poses instantaneously. In an 
inductive circuit, this is not 
true, however, for the current 
cannot rise to the value given 
by (5) instantaneously. 

Two aspects of the case have, 
therefore, to be considered. 

(a) Immediately after the 
completion of the circuit 
where the current is rising 
to a value given by (5) rela¬ 
tively slowly. 

(b) When the current has 
reached the value given 
by (5). 

The state considered under 
(a) is known as the transient 
state, and is rather too involved 
to be considered in this chapter, 
though the results of it are of 
the greatest use in radio work. 

The case considered under (b) 
is known as the steady state, 
and from this point onwards we shall assume a long enough interval 
of time to have elapsed for this condition to have been reached. 


Fig. n>0. A.C. Curves of (Hirront and 
E.M.F., Showing Angle of Lag in an 
Inductive ('ircuit. 


R 
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Fig. Ihl. Alternating K.M.F. applied 
to an Inductance, Resistance, and 
Capacity in Series. 


Phase Diffetence in Circuit Containing Capacity 

If we consider the hypothetical case of the application of a 
voltage e = E sin ojt to a circuit containing a capacity C, but 
no resistance so that the voltage lags 90° behind the current, 
we have 

4 ““ /^\ 

Sin 0)1 — -- -—.( 0 ) 


This formula again somewhat resembles Ohm’s Law, although 
it must be remembered that neither inductance nor capacity 
consume energy as does a resistance ; they only store it and 
later restore it to the circuit again. 

In the case of a circuit containing capacity and resistance in 
series, we shall have from (1) and (6) 
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— Ib+c cos cot 


coC 


R Ir + c sin iot 



{sin {wt — ^)) .. (7) 


where 


tan 


_ 1 

~ coCR 


and 



represents the impedance of the circuit and 


the term sin {wt — 4>) indicates that the current leads the voltage 
by an angle The angle in expressions (5) and (7) is termed 
the “ phase angle difference” between current and voltage. 


Phase Difference with Inductance* Resistance and Capacity in 
Series 

With equations (1) (3) and (6) in mind, we can proceed to the 
more general case of a circuit containing Inductance, Resistance 
and Capacity in series as shown in fig. 161. 

The equation for calculating the current i at any instant in 
a circuit of Inductance L, Resistance R and Capacity C, under 
the action of an impressed E.M.F. Eo sin cot is as follows : 

i = / ^-, ^ X sin {(ot - <!>) 

which gives the magnitude of the current, and the angular 
relations of the voltage and current. The angle <t> is given by 

^ = tan_i f ^ wC 

\ n 

The reactance ojL — may be either positive or negative, 



according to which component of the reactance predominates. 
If cuL > — Q the reactance is positive and the current lags, and 


if cgL < ^ the reactance is negative and the current leads. 

The expression given above, if we know the constants of the 
circuit, enables us to find : 

1. The magnitude of the current. 

2. The lag or lead of the current with respect to the 
voltage. 


Example 

An E.M.F. given by the following expression 
g = Eo sin wt 
= .002 sin 2 7U 5 X 10* t. 

is applied to a circuit consisting of an inductance of 202.64 [xliys. 
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and a capacity of .0004f9 pfds. in series, the total H.F. re¬ 
sistance of the circuit being 10 ohms. 

Find the maximum value of the current in the circuit, and 
also the phase relations of the current and voltage. 

Substituting in the formula given above, we have 
?= lo sin {u)i—<f)) 

_ --- _ ^ X sin 

/ ^2 . X X 202^4 ^ 1()« y 

V V 10® 277 X 5 X 10^ X .00049/ 


This gives a maximum of current of 

_ .002 

“ 16.4 

— .00012 amperes 

or -12 mil Hamper es. 


Here, also, the capacity reactance term is larger than the inductive 
reactance term. Hence the current leads the voltage by an 
angle ^ given by 

13-48 


tan <f> = iQ 


= 1.348 

Hence <l> ^ 53"* 30' approx. 


Series Resonance 

Neglecting for the moment the question of phase difference, 
we have seen above that the effective resistance, which is the 
impedance of the circuit is given by 


/ 


V 


“■ + - Jc)’ 


.( 8 ) 


and that part of Z in the brackets termed the reactance of the 
circuit, is 

X = oiL - V 

CUVy 

So we may write (8) as 


Z 


11^ + X> 


It will be seen that the value of X may be either positive or 
negative according to which component of the reactance pre¬ 
dominates. Also, since the phase difference of current and voltage 
is given by 

X 


tan <l> = 


R 


.(9) 


the current may either lag or lead the voltage according to 
whether X is positive or negative. 
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An important case arises when 

r 1 

60 Li = 

60 L 

e 1 

or CO = j 

In this case from (8) 

Z = R 


( 10 ) 


and the circuit behaves as if it were a pure resistance. When 
this occurs, a condition of “ series resonance ” is said to be present, 
and the current is a maximum for the particular circuit. 

Also we see from (9) 

tan ^ = 0 

and hence the current and voltage are in phase. 

Now if the current is plotted for different values of co, keeping 
L, C and R constant, we shall obtain a resonance curve similar to 
that given in fig. 1C2 (1) the frequency given by coo corresponding 
to the resonance frequency. The effect of increasing the resistance 
in the circuit is as shown in fig. 162 (2) to flatten out the curve, 
although, of course, it does not alter the resonance frequency. 

In many applications of radio 
circuits it is found necessary to 
provide a combination of com¬ 
ponents to offer a very low 
impedance to currents of a 
specified frequency, whilst offer¬ 
ing a very high impedance to 
currents of all other frequencies. 

It is obvious that the series 
resonant circuit provides what is 
required. 

Parallel Resonance 

The parallel resonant circuit is 
by no means as simple to deal . 

with as the series resonant circuit. The most general circuit is 
that shown in fig. 163 (a), but in most cases the resistance of the 
condenser can be neglected and we can consider a circuit as shown 
in fig. 163 (b). _ __ 




Fio. ll)2. Resonance Curves. 


Fig. 163. Simple Parallel Resonance Circuit. 
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As a corresponding relation to (8) we have for the effective 
resistance or impedance of the circuit, 

rj _ /_R* 4 - 

“V (1 - tu”>‘LC)» + tu*C«R*. 

So that we may write an analogous expression for i to that given 

R 

on page 167 in the form, i = ^ sin {cut — (f>) 


where tan ^ 


-(a>CR - + 


Parallel resonance occurs when 


a>»L*C) 

R . 

^oCR 
1 - cu^LC 


or when cu 


1 /I _ 

VLCV 


and with this value of co, Z = (appfox.) 


The condition for resonance is obtained by writing (j) in (12) 
equal to zero. Thus for resonance voltage and current are in 
phase and the impedance is of the nature of a pure resistance. 
Moreover since (14) corresponds to a maximum value for Z, the 
current passing into the circuit from the generator is minimum 
at resonance. In the simplest case where R can be neglected, i.e. 
where our inductance is of very efficient construction, the current 
i will be zero at resonance. There will, however, be currents 
flowing in the two parallel branches, but these will be equal in 
magnitude but opposite in sign so that their sum will be zero. 

An interesting case arises when the values of L and C have 
been so adjusted that for a voltage impressed across A and B 
(fig. 164) the circuit shows no reactance. If the voltage is 
impressed across, say C and D, the circuit will still possess 
negligible reactance, but the resistance may have altered 
appreciably. It may also be shown that the resistance between 
any two points in the circuit is nearly 
proportional to the square of the reactance 
included between the two points, in either 
branch. This fact will be seen to be of great 
use in some circuits hereafter to be described. 

It can be shown that the higher the value 
of the resistance in the coil L, the lower 
the value of the equivalent resistance or 
impedance Z of the circuit. 

Now such a circuit is generally used in 
radio work to impress a high voltage on to 
another circuit. It is obvious that to get this voltage as high 
as possible, which is generally desirable, we must construct the 
coil so that it has as little resistance as possible, which will 
bring the equivalent resistance of the circuit at resonance to as 
high a value as possible. 



Fio. 104. A Tapped 
Farallel Resonance 
Circuit. 
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CHAPTER XV 

ALTERNATING CURRENT GENERATORS, ALTERNATING 
CURRENT MOTORS AND TRANSFORMERS 

The Simple Alternator 

W E have seen on page 89 how a rectangular conductor 
rotating at constant speed in a constant magnetic field 
develops an alternating current. The same principle is used for 
the commercial generation of alternating current. 

If we consider an alternator with one pair of poles, a develop¬ 
ment of which is shown in fig. 165, we see that the direction of 
current reverses twice per revolution of the armature. In a 
four-pole machine, i.e. two pairs of poles, the direction of current 



Fio. 165. Construction and Wavefonn of Alternator with One Pair of Poles. 



Fig. 166, Construction and Wavefonn of Alternator with Two Pairs of Poles. 
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Fig. 167. Construction and Wavefonn of Alternator with Three Pairs of Poles. 



Fio. 108* Construction and Waveform of Single-Phase Machine. 


reverses four times per armature revolution (fig. 166), and in a 
six-pole machine six times per armature revolution (fig. 167). 

In an n pole machine the direction of current reverses n times 
per revolution of the armature, i.e. there will be n/2 complete 
periods of current per revolution. 

Clearly then, if there are p pairs of poles in an alternator, and 
if the armature revolves n times per minute, the frequeney f of 
the current generated will be 

60 

The magnetie fluxes in figs. ^165-167 are created by windings 
around the poles of the stator or fixed part of the machine which 
are fed with direct current to give correct polarities. 

Alternators are sometimes con¬ 
structed with the rotor windings 
fed with D.C. and arranged to 
give alternate N. & S. poles on 
the rotor, and alternating current 
is taken from the stator. Part of 
the construction of such a 
machine is shown in fig. 168. 
Such a machine with one wind- 
Fio. 169. Single-Phase Two-Pole Alternator. pgj. pair of poles is knowil 

as a single phase machine, i.e. at any given time current is being 
generated in the A.C. winding in phase. 
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A single-phase two-pole alternator can also be constructed as 
in fig. 169, where the two slip rings are connected to opposite 
points on the armature winding which is in the form of a con¬ 
tinuous coil. 

Obviously if we construct a machine such as shown in fig. 172 (a) 
wc shall have two currents generated, one lagging 90® behind 
the other. Such a machine is known as a two-phase generator. 


Three^^Phase Generation 

In fig. 172 {h) is shown the stator and field construction for a three 



Fio. 170. Currents in Three-riiase Fig 171. Currents in Three-Phase 

Alternator before Uoversal of Phase II. Alternator after Keversal of Phase II. 


phase machine. From tlie construction of the stator the E.M.F.’s 
in the three-stator circuit will obviously be as shown in fig. 170. 

The first point to be considered is that by reversing the con¬ 
nections of phase II we shift it through 180° and obtain a more 
even distribution of voltage as shown in fig. 171. 



Fig. 172. Armature and Field Windings of (n) Two-Phase and (&) Three-Phase Alternators. 


If each stator circuit is provided with a pair of terminals, each 
may be connected to a separate circuit. In practice, however, 
this is not done as economies can be effected by connecting up 
*the circuit in special ways. 


G 
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Two principal methods of making these connections exist 
which permit of the transmission of all the energy associated 
with the three phases along three wires instead of along the six 
which would be needed if each armature winding were taken 

out to two wires. 

Star Connection 

The first method is known as 
the star or Y connection and is 
shown in fig. 173a. 

In this the beginnings of each 
armature wind are joined. The 
other three ends are taken to 
three transmission wires. The 
E.M.F.’s induced in each winding 
start from a common potential. 
If E and I represent the voltage 
and current per armature phase and if Eg and I 2 represent the line 
voltage and current it may be proved that 

E 2 = 3 E 

I2 =I 



Fio. 173a. Star Connection of Three- 
Phase Alternator. 


Delta Connection 

If the armature windings are connected in series (fig. 173b) and 
if leads are brought out from each of the connections, there will 
be no current in the circuit consisting pf the three windings for 
at any instant the voltage induced in one winding is equal and 
opposite to the sum of the voltages induced in the other two (see 
fig. 171). This connection is known as the mesh or Delta (A) 

connection and with the same 
nomenclature as before 
E, =E 
I, =V3I 

Alternating Current Motors 

A.C\ motors may be con¬ 
veniently divided into three 
categories : 

1. Synehronous motors ; 

2. Induction motors ; 

3. Itepulsion motors. 

As induction motors (and synclironous motors for that matter) 
are not self-starting on. single phase A.(\, the repulsion motor 
which can be made to give a large self-starting torcpie, is frequently 
combined with the induction motor to form a fourth class—the 
repulsion-start induction motor—a motor which, as its name 
implies, starts as a repulsion motor and runs as an induction 
motor. 
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Synchronous Motors 

This type of motor is constructed in exactly the same way as 
the alternator. The alternating current is sup])iicd to the stator 
coils, and tlie rotor field is produced by D.C. fed into the rotor 
windings by slip rings. 

The alternating current in the stator will produce a rotating 
magnetic field, and if the rotor is run u]) to such a speed that the 
poles are rotating at the same speed as the A.C. field, there will 
be attractive forces operating between rotor and stator tending 
to keep the rotor rotating with the rotating field. 

The rotor will now revolve on its own, and is eapable of per¬ 
forming work. 



Fuj. 17 lii. Methods of starling Induction Motors : (o) dcvplnisingcoil and resistance 
(/>) coil and parallel condenser; (e) coil and series condenser. 


Single phase synchronous motors are not self-starting, but 
poly-phase motors will start themselves. 

Induction Motors 

The stator of this type of motor is analogous to that of the 
synelironous motor, but the rotor consists of a cylindrical laminated 
iron core with a large number of thick eop})er conductors passed 
through slots on its outer surface. 

These are all joined at both ends. The rotating field in the 
stator will set up induced E.M.F.’s in the rotor. The reaction 
between these and the rotating lield will cause the rotor to revoh e 
in accordance with Len/Zs Jaww 

The speed of the rotor will iiufrease up lo nearly synchronous 
s])eed, but will never quite reach it. 

Single phase induction motors are not self-starting whereas 
two or three phase induction motors })rovide good starting torque. 

Nevertheless single phase A.C. motors are usually of the induc¬ 
tion type and are caused to start by one of the methods shown in 
fig. 174a. 
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In (a), the stator is provided with two windings ; the running 
winding, and S 2 a starting winding with a non-inductive resistance 
R, placed in parallel with it. 

When starting, a switch connects these two windings in series. 

A phase difference of current is produced between the current 
in S I and that in S 2 , and the motor starts as a two phase induction 
motor. 

In (b), a similar scheme is adopted, but a condenser C, is placed 
in parallel with the starting winding which is taken out of connec¬ 
tion when the motor has run up to speed. 




Kkj. 174b. Principlo of lb‘|)ulsi()ii Motor, 


In the (c) starting position, the starting and running windings 
are in parallel, but a condenser C, is placed in series with the 
starting winding. A switch disconnects the starting winding for 
the running position. 

Repulsion Motors 

If a coil of wire is ])ivoted in the magnetic field between the 
stationary but alternating current poles of a single phase magnet 
energised by A.C., as indicated at (a), fig. 174b, the reaction 
between the magnetic field and the current set up in the coil by 
this field will tend to turn the coil into such a position that tlu' 
lines of force of the field do not thread through its turns, but il 
will stop rotating when it has r(‘aehed this jiosition. 

If now on an armature we hav(‘ several windings, tlu^ ends o(‘ 
each being connected to the opposite segments of a commutator, 
as shown at (b), fig. 174b., and if we mount this armature between 
two field coils fed with A.C., on short-circuiting the opposite 
segments of the commutator by brushes displaced at an angle 
with the field, the armature will continue to rotate, but as each 
short-circuited coil receives its repulsive twist it will be replaced 
by another. 
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Advantage has been taken of the high initial starting torque 
given by such an arrangement to start single ghase induction 
motors. The wound rotor of an induction motor is easily provided 
with a commutator and when it has been run up to speed it may 
be short circuited and the brushes lifted off the commutator. 

The motor will then run as an induction motor. 


Coefficient of Mutual Induction 

In Chapter IX we discussed self-induction, and it was shown 
that whenever the magnetic lines of force which are linked with a 
conductor are varied, an E.M.F. is induced in that conductor, and 
the self-induction of a coil can be found by multiplying the number 
of lines produced by unit current through the coil by the number 
of turns which give the linkages with the coil. 

If, instead of one coil we use two coils so arranged that the 
held produced by a current through one of them passes through 
the other, then, as shown in Chapter XIV, this held will make a 
number of linkages with the second coil and the variation of this 
held will give rise to an induced E.M.F. And in the same way, 
a varying current passed through the second coil will produce a 
held which will link up with the turns of the hrst coil, and the 
mutual linkage of the held with the two coils will be the means 
of transferring energy from one to the other. This mutual 
linkage, as we have said, is called the “ coefficient of mutual 
induction,” which will now be denoted by the symbol M, and is 
dehned as being numerically equal to the flow of induction through 
one coil when unit current passes through the other. 

In the simple theory of transformers given below, we are con¬ 
cerned with the ideal case where all the held produced by one 
coil passes through the other. Then if L^, Lg and M are the 
coeflicients of self-induction of what are usually called the 
“ primary ” and secondary ” coils, and the coefficient of mutual 
induction respectively, and and Sz are the number of turns of 
the coils, and the inductance L, is found from the product of the 
held produced by unit current through one turn of the primary, 
multiplied by the number of turns, the magnetic flux produced 


by a current I through the primary coil is N 



and the flow 


of induction through the secondary coil 


N X .v. 


Li 


1 Si 


Si) 


that the flow of induction through the secondary for unit alter¬ 
nating current through the primary, or M, the coefficient of 
mutual inductance, is given by 
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Suppose we start with the secondary coil, we shall then find that 

M = 

Si 

SO that Li La = M* 



Giv^n the inductance in the primary circuit of a transformer, the 
equivalent inductance in the secondary circuit can therefore be 
found by multiplying it by the square of the turns ratio ; and by 
the same method, if the induetanee of the secondary circuit were 
transferred to the primary circuit, it would have to be reduced 
in proportion to the inverse square of the turns ratio to be the 
true equivalent. 

The Iron««Core Transformer 

If we take a closed iron ring and wind two coils of wire round 
it and then pass an alternating current through one of them, the 
“ primary,” the iron will be taken through a complete cycle of 
magnetization for every cycle of current, and if there is no leakage 
as in the ideal case, all the magnetic lines of force produced in the 
iron by the current in the primary will pass through the turns of 
the other coil, the “ secondary.” If the secondary is open- 
circuited, the varying magnetic field produces a back E.M.F. 
which has the same value in each turn of the coil, so that as the 
turns are in series, the total back E.M.F. is equal to the back 
E.M.F. produced in one turn multiplied by the number of turns. 

Also, as the same magnetic field passes through the turns of 
the magnetizing coil, this coil also develops a back E.M.F. which 
has a value equal to the back E.M.F. produced in one turn— 
which is the same as that produced in one turn of the secondary 
coil—multiplied by the number of turns of the primary coil, an^ 
if losses due to the primary coil resistance can be neglected, this 
back E.M.F. of the primary gives the value of the terminal E.M.F. 
which must be applied to drive the current through the primary. 

The Transformation Ratio 

By the above method of reasoning, we arrive at the first 
important relation which holds in a transformer, namely : 

E 5 _ 5s _ rj, 

Ep S'p 

where Es and Ep are the terminal E.M.F.’s, and Ss and sp are 
the corresponding turns in the secondary and primary respectively, 
and T is called the transformation ratio.” 
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Energy in Transformer Circuits 

If we short-circuit the secondary winding, all the magnetic 
field produced by the current in the primary winding is again 
turned into current in the secondary winding, the iron and the 
magnetic field produced in it simply acting as a means for 
transferring electrical energy from the primary circuit to the 
secondary circuit, and it follows that if no loss is incurred in 
doing so, then the total energy transferred cannot exceed, and 
should equal the amount available in the primary winding. 

This leads us to the second important relation which holds in 
transformer theory, namely, that if losses in the copper of the 
coils, and in eddy-currents and hysteresis in the iron can be 
neglected, then : 

L E5 = I/) Ep 

or, the product of the current and E.M.F. in the secondary circuit 
is equal to the product of current and E.M.F. in the primary circuit. 

Equivalent Transformer Current or Voltage 

Then L _Ep _ 1 

Ip “ E5 “ T 

the ratio of the secondary current to the primary current is 
proportional inversely to tlie transformation ratio. 


Equivalent Transformer Resistance 

To determine the equivalent value in the primary circuit of a 
secondary circuit resistance, let this resistance be connected direct 
across the secondary terminals, then the current through the 


resistance will be in phase with the terminal E.M.F. and Rs = 


Vs 

Is 


and the equivalent primary circuit resistance Rp 


then 


R 5 _ Vs X Ip _ rp 

Rp“Vp X L ” 


X T = TS 



so that the equivalent primary circuit resistance can be found by 
dividing the secondary circuit resistance by the square of the 
transformation ratio. 


Equivalent Transformer Inductance 

Suppose we connect an inductance across the secondary coil 
of the transformer, then if its resistance can be neglected, its 
inductance value can be obtained from the terminal voltage and 
the current. 


thus 


__ V^ 
"271:7 Is 


and the equivalent inductance in the primary measured in a 
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similar way is 
so that 


Ls 

Lp 


— where w =2 n n 

O) ij) 

_ V5 I;, _ ^ 

V;, I. 


from which it appears that primary and secondary circuit in¬ 
ductances are related in the same way as primary and secondary 
resistances. 


Equivalent Transformer Capacity 

Finally, we may wish to know the equivalent value in the 
primary circuit of a secondary circuit condenser. If this is 
connected direct across the secondary terminals of the transformer, 
its capacity can be measured from its back E.M.F. which deter¬ 
mines the terminal E.M.F., and the current through it, namely 


and the equivalent capacity in the primary circuit can be measured 
in a similar way : 


Then 


C. _ L X Wp _ 1 
Cp IpxWs T^ 
and Cp = C5 T ^ 


so that a secondary capacity has to be multiplied by the square 
of the transformation ratio to obtain the equivalent capacity 
in the primary circuit. 


Transformer Vector Diagrams 

Vector diagrams are particularly useful when working out 
transformer problems. 

To overcome the difficulty that the current and E.M.F. phase 
relationships considered are in two different circuits, the quantities 
involved are converted by means of the transformation ratio into 
the equivalent values for one circuit only. Thus the diagram may 
show all actual and equivalent values for the primary circuit, 
or alternatively for the secondary circuit. 

The secondary circuit values arc more usefully shown, and so 
are employed in the present case. 


Open-*circuit ” Vector Diagram 

As a first example, we shall take a single-phase transformer with 
its secondary open-circuited, so that the diagram (fig. 175) 
represents “ no-load ” conditions. 

The fundamental part of the tninsforiruT is the magnetic flux 
through the core by the aid of whicfi energy passes from one 
circuit to the other, so that the diagram is started by setting off 
the vector OF representing the total magnetic flux. As this 
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flux rises and falls with the cur¬ 
rent which produces it, the mag¬ 
netizing component of the current 
OIw is in phase with the flux, 
and is therefore marked off on the 
same vector. The back E.M.F. 
induced in the primary winding 
lags 90° behind the magnetizing 
current, and also therefore 90° 
behind the magnetic flux, and so 
is represented by the vector OE ; 
and if the volt-drop due to the 
resistance of the primary winding 
can be neglected, the applied 
E.M.F. will be exactly opposite 
in phase to OE, and is therefore 
represented by OEp which leads 
Fui. nr). Transformer “ No-Load ” the magnetizing current by 90°. 

Vector Diagram. energy component of the 

current, that is, the part which is transformed into heat and lost, 
through resistance, or by eddy-currents and hysteresis in the iron 
which have the same effect as resistance, is in phase with the 
applied E.M.F. and so is shown at OIr. The resultant of OIr and 
Olm obtained by completing the parallelogram O, Im, Ip, Ir 
and drawing in the diagonal, is OI;;, and OIp is the main 
no-load current vector which lags ^°, usually about 50° behind 
the applied E.M.F. 



‘‘ Non**Inductive Load ” Vector 
Diagram 

The vector diagram of a trans¬ 
former on a “ non-inductive load” 
is shown in fig. 176. In this case, 
the magnitudes of all the vectors 
are given in terms of the 
secondary circuit. To simplify 
the figure, the transformer is 
supposed to have no magnetic 
leakage, all the flux generated by 
the current in one winding passing 
through the other winding. 

Commencing with the core flux 
OF as before, OE the primary 
back E.M.F. lagging 90° behind 
OF, then OE multiplied by the 
transformation ratio T, will give 
in magnitude and phase the 
back E.M.F. in the secondary 
OEi'. By the process described 
for the cavse of the non-inductive 



Fiu. I7t>. Transtoniner “ Non-Inductive 
l.oad ” Vector Diagram. 
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load, we arrive at the no-load primary current OIo. As the load 
is non-inductive, the secondary current is in phase with the 
secondary E.M.F. and is therefore shown at OL. 

Now the secondary load current is balanced by a primary load 
current 01 ^ in opposite phase, giving the same ampere turns, 
so that the associated magnetic fields cancel out and leave the 
same total flux in the core as under no-load conditions. 

The resultant of the no-load OIo and the load current Oh 
gives the phase and direction of the total primary current OIp. 

Next, we want to complete the E.M.F. relationships. There 
is, first of all, the component of the applied E.M.F. which is 
required to balance the induced back E.M.F.’s and must therefore 
be shown in opposite phase at Ofp, and another component OVp 
in phase with the primary load current which is required to over¬ 
come the volt-drop due to resistance and iron losses. The resul¬ 
tant of these two values is OEp which leads the primary load 
current by the phase angle This is the E.M.F. applied to the 
primary under non-inductive load conditions. From OEs we 
can subtract E 5 , V 5 , which is the volt-drop in the non-inductive 
secondary. This leaves OV 5 as the terminal voltage. 

The two illustrations given are sufficient to show the practical 
value of vectors when applied to transformer problems, and their 
use becomes all the more apparent when such problems have to 
take into account the existence of leakage in the transformer 
itself, or the complications introduced by an inductive load 
having either a lagging or leading power factor, but space will not 
allow this subject to be developed further. 

Transformer Tests 

The transformer ratio is measured : 

1 . By connecting suitable voltmeters across the primary 
and secondary windings and applying the rated voltage to the 
primary and noting the ratio of the two values obtained, or 

2 . By employing a “ ratiometer,” that is, a special testing 
transformer with a fixed primary winding and variable 
secondary winding, the ratio of which can be varied by 
switching. 

If the primary winding of the transformer under test, and of 
the ratiometer, are connected in series to the supply, and their 
secondary windings are connected in opposition through an 
ammeter, then if the ratiometer winding is adjusted until no 
current flows through the ammeter, the ratiometer transformer 
ratio must be the same as that of the transformer under test. 

Copper Loss Test 

If the transformer has negligible leakage, the copper loss 
can be obtained as follows. The secondary winding is first short- 
circuited so that all the magnetic field produced by a current 
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in the primary winding is transformed into secondary current. 
The primary current will then be in phase with the primary 
voltage. An E.M.F. is then applied gradually to the primary 
until a value is reached equal to the current under full-load 
conditions. Then the measured volt-drop across the winding 
multiplied by the current will give the copper loss in watts. 




Iron Loss Test 

If we take a transformer with its secondary open-circuited 
and pass an alternating eurrent through its primary winding, we 
would expect that the magnetic field built up in the iron during 
one part of the cycle should all be returnable to the circuit as 
current during another part of the cycle, and a wattmeter in the 
input circuit therefore should not register any power consumption, 
and this would be the ease if it were not for certain energy losses 
which occur, first in the primary circuit itself due to the copper 
losses produced by the magnetizing current, and second in the 
iron due to hysteresis and eddy- 
currents. 

The iron loss test then can be 
made by connecting a wattmeter 
and ammeter in the primary 
circuit of the transformer, the 
secondary of which is open- 
circuited, and a voltmeter across 
the primary terminals. The cor¬ 
rect working primary terminal 
pressure is then applied, and the 
wattmeter and ammeter readings 
noted. The ammeter shows the 
magnetizing current, and if 
the primary resistance is known, 
the copper losses due to the mag¬ 
netizing current can be calculated 
in the usual way. If these losses 
are subtracted from the watt¬ 
meter reading the remainder will 
give the iron losses. 


(a,' 



EARTH^ 


Fio. 177. Transformer Connections. 



Fio. 178. Transformer Windings. 


Transformer Efficiency 

This is obtained by taking the ratio of the output in volt- 
amperes to the input in volt-amperes, and multiplying by 
100 thus : 

m = J’ p’ X 100 

ip 

Small transformers arc usually less cllicieut than large trans¬ 
formers, and for vyireless use on board ship they vary in efficiency 
according to their size from 95 per cent, to 98 per cent. 
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Transformer Connections 


The normal connections of a single-phase transformer to an 
ordinary lighting or power circuit is as shown in fig. 177(a), but in 
wireless, it may be necessary to connect the mid-point of the 
secondary winding to earth (fig. 177(5)), and also to work the trans¬ 
former by first taking the load on one half-cycle from the terminals 
OSi, and then on the second half-cycle from the terminals OSj. 

Let S 1 OS 2 (fig. 178(a)) represent the secondary winding on such a 
transformer, then if there is any leakage from the core when the 
whole of the secondary SjOSj is used, there will be much more 
leakage when the secondary is used half at a time, and it is there¬ 
fore customary to cross-connect the secondary coil sections as 
shown in fig. 178(5), so that although only half the number of 
secondary coils are used each half-cycle, they are equally distributed 
over the two limbs of the transformer, and so are cut by the 
flux produced by the whole of the primary winding. 


Power Transformers for Ship Wireless Use 

Transformers can be roughly divided into two classes : 

1 . High-voltage transformers which step-up the primary 
voltage to provide high tension A.C. for spark transmitters, 
or after rectification for valve transmitters, the rectified 
voltage being applied to the plates of the transmitting 
valves. 

2 . Low-voltage transformers which step-down the voltage 
to a value suitable for lighting transmitting valve filaments. 



Fio no. A High-Voltage or Power Traneformer. 
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The constructional 
details of two typical 
examples are given 
below. 

Fig. 179 illustrates 
a high-voltage or power 
transformer, which is 
contained in a gal¬ 
vanized iron tank and 
is oil-cooled, the tank 
being omitted from 
the photograph for the 
sake of clearness. The 
iron core of the trans¬ 
former is closed and 
consists of stalloy lami¬ 
nations kept in place 
by an angle iron frame. 
This particular trans¬ 
former is designed to 
operate with a primary 
voltage of 180 volts, 
and to deliver a voltage 
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at its secondary terminals of 13,000 volts under load, and of 
18,400 volts when running light, if the primary windings are 
connected in series; and of 26,000 volts under load, or 26,800 volts 
if running light, with the primary windings in parallel, the change 
over of the primary connections being made internally. The 
heavy porcelain insulation of the secondary terminals will be 
noted. The current taken by the primary when connected in 
series is 17.5 amperes, and when connected in parallel, 35 amperes. 
The current delivered by the secondary is .24 of an ampere when 
on full load. 

The primary winding consists of 220 turns of No. 10 D.C.C. 
wire, with 110 turns on each limb. This constitutes the inner 
winding, and is wound with suitable precautions to insulate it 
from the iron core. The secondary winding consists of 16,410 
turns of No. 28 D.S.C. wire in 20 double sections ; 10 of which 
are mounted on each limb. The shape of these sections and their 
disposition can readily be seen from the photograph. They are 



Fia. 180. A Step-Down Power Transformer. 

block wound, and mounted on a paxolin tube which is slipped over 
the primary winding. 

The resistance of the primary winding is .12 ohms in all, and 
the resistance of the secondary winding is 1,080 ohms. The 
copper loss in the transformer is 100 watts, and the iron loss is 
38 watts. The magnetizing current is .4 amperes with the primary 
windings in parallel. 

The filament, or step-down, transformer which is shown in 
fig. 180 is of similar mechanical construction to that already 
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described. It is oil-cooled, and designed to work on a primary 
voltage of 440 volts, and to give a secondary voltage with a 
minimum value of 14 volts, and a maximum value of 20 volts at 
a current of 200 amps. The current taken by the primary is 6.8 
amperes on the 14-volt tap, and 9.4 amperes on the 20-volt tap. 
The primary winding consists of 347 turns of No. 15 D.C.C. wire 
in five layers. This winding is tapped at 250, 261, 274, 289, 806 
and 325 turns. 

The secondary winding is composed of two coils of copper strip, 
3J inches x No. 18 S.W.G. Each coil consists of 5| turns. 
The coils on the two limbs are connected in parallel. 

The resistance of the primary is .295 ohms and is 21 ohms on 
the 20-volt tap. The resistance of the secondary is .0004 ohms 
in all. 

The copper loss on the 14-v'oIt tap is .30 watts and on the 20-volt 
tap is 35 watts. 
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CHAPTER XVI 


DAMPED OSCILLATIONS 


Oscillatory Circuit 


S uppose that in a circuit comprising inductance, capacity and 
resistance we give the condenser a charge and then allow it 
to discharge through the resistance and inductance, what will 
happen ? Electrical energy represented by the charge will be 
transferred to the inductance in the form of magnetic energy, 
back again into the condenser as electrical energy, then once 
more into the inductance and so on, the process repeating itself 
as long as energy is left in the circuit. Now the process of energy 
transference between the inductance and capacity involves no 
loss of energy, the only loss of energy occurring in the resistance, 
where it is dissipated in the form of heat. Thus if we measure 
the current in the circuit, this current will oscillate at a natural 
frequency given by the circuit constants in the same way that 
there is a natural frequency of vibration for a spring which has 
a certain elasticity and density. A circuit under such conditions 
is called an oscillatory circuit. The frequency of the oscillations 
will be given by 


/= j 


1 

LC 


R2 

4L2 


27r 


The periodic time of the circuit will be given by 

27r 

T = /I _ ^ 

V LC 4L2 

where L is in henrys, R in ohms and C in farads. 

If there is no resistance present in the circuit there will be a 
constant interchange of energy between the condenser and 
inductance with no loss of energy in the circuit. The circuit is 
then said to be undamped. If resistance is present in the circuit, 
as in physical cases it always is, energy will constantly be lost in 
the resistance, and the amplitude of the oscillatory circuit will 
continually decrease. Actually this is given by :— 

E 

- ^-0/ gin Oil 

Leo 

where It is the current at time 
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L is the inductance in the circuit, 

E is the original voltage on the condenscT, 

_ ^ 

~ 2 L 

R — resistance in the circuit, 


CD 


/ 

V LC 4L2 


and C — capacity in the circuit. 


Damping 

Fig. 181 shows the curve for an oscillating current of this char¬ 
acter which is dying out. The points A, B, C, etc., show the 
maximum value of the current in each oscillation. These values 
are called the “ amplitudes ” of the oscillations. The whole 



Fio. 181. A Damped Train of Oscillations. 


series is called a “ train of oscillations ” or train of “ waves,” and 
because the amplitudes are decreasing such a train of oscillations 
is said to be damped, A train of oscillations of constant amplitude 
is said to be undamped or persistent. 

Logarithmic Decrement 

In fig. 181 Ii, Ij, Ij, etc., represent the maximum amplitudes in 
each successive cycle, and it is found that a fixed ratio exists 
between any adjacent two, or that : 



Also that succeeding maximum amplitudes decrease according 
to a logarithmic law. This can be put in the form— 

J' = e«T = c8 

where € is the base of the Napierian system of logarithms = 
2.71828, and T is the periodic time. 

Then 8 = log^ 

18 K 
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is called the “ logarithmic decrement ” and is a measure of the 
damping in any particular circuit. 


Number of Oscillations per Train 


Amongst other things the logarithmic decrement is useful for 
determining the number of oscillations in a train of waves. 

Theoretically the oscillations should continue indefinitely, but 
in practice it may be taken for granted that when the maximum 
amplitude has fallen to 1 per cent, of the initial maximum, the 
oscillations may be considered to be damped right out. 

Where m equals the number of complete oscillations in a train, 
and 8 equals the decrement, it may be proved that 

+ S 


If, as stated above, Im has fallen to 1 per cent, of the value 
of the fraction becomes 100, and the above equation may be 


written 


IjOgt 100 S 
= 8 

Logt 100 = 4.605. 

Therefore, provided the decrement per cycle be known, it is 
easy to find the number of oscillations per train from the formula 
4.605 + 8 


If the decrement of a circuit be large, it shows that a great 
deal of energy is being lost either in the form of heat or by 
radiation. If R represents the resistance which would give an 
equivalent loss in the circuit, and if L is the inductance reckoned 
in equivalent units. 



It is thus seen that where the resistance of an oscillatory circuit 
is comparatively great the decrement is proportionately high. 


Circuit Conditions to Produce Oscillation 

It can be shown that ; 

(1) If R is less than the circuit will be oseillatory. 

(2) If R is greater than ^^ the circuit will be non-oscillatory. 
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The Simple Spark Circuit 

Consider a circuit as shown in fig. 182 where C is a condenser, 
L an inductance possessing resistance R, and G a gap formed 

say of two metal plates separated 
by Jin. and of diameter 2in. 
Across the terminals A and B 
we apply a gradually increasing 
voltage E. The condenser will 
charge up until such a voltage 
is reached across G that the air 
between the plates of G becomes 
ionised. The resistance of G 
will now decrease immediately 
and the condenser will dis¬ 
charge through L and G. If 
the resistance of the gap when the air between its plates is 
ionised is r, the discharge of C will be • oscillatory and damped if 
R -p 7 * < /“fL and will be of frequency depending on the 



Fig. 182. A simple spark oscillat(3ry 
circuit. 


constants L, R -f r and C of the cireuit, and equal approximately to 
f = 2 ^ 'Y/LC ^ + r is so small as to be neglected. 


Here, then, we have a simple source of high-frequency oscillatory 
current if L and C are of the correct values. The current generated 
in such a circuit rapidly falls to a negligible quantity. In order, 
then, to use a spark circuit for any practical purpose we must 
arrange matters so that a succession of damped oscillatory currents 
are produced. Let us then substitute for the applied voltage E an 
alternating voltage derived from a generator E (fig. 183) and apply 
this voltage to the spark circuit by a transformer T. A key K for 
opening and closing the circuit, and a variable inductance, N, should 
be also included in the generator circuit. 

When the key K is depressed an alternating voltage is impressed, 
via the transformer T, on the condenser C. A current will flow 

through the condenser and the 
condenser will become charged. 
Curves of these currents and vol¬ 
tages are shown in fig. 184. 

Owing to the presence of the 
inductance and resistance the 
voltage on the condenser plates 
will not be identical with the 
alternator voltage. We may 
arrange, therefore, that the spark 
gap breaks down and discharges 
the condenser at a voltage cor¬ 
responding to say a point A, fig. 184 or to another point B, fig. 
184. If we choose point A we shall obtain one spark per half 
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cycle of the alternating voltage or if we choose B we shall obtain 
one spark per cycle. In either case the result is that in the 
secondary circuit of fig. 183 we shall have produced a train of 
damped high-frequency oscillations. 

We shall refer later to the design of the spark gap, but it may 
be mentioned here that it 
is essential to avoid arcing 
across the gap as otherwise 
a current may tend to con¬ 
tinue to flow across the gap 
once it has broken down 
and so short-circuit the 
condenser. Much can be 
done by correct d(‘sign of 
gap, but the imj)edance N 
also materially assists. One 
function of this is to pro¬ 
hibit a current flowing in 
the primary sufficient to 
maintain conductivity of 
the gap once the normal spark discharge has ceased. 

Another function of the impedance N is to regulate the 
current taken from the generator and hence the voltage applied 
to the condenser. When the primary circuit is in resonance with 
the alternating current, maximum voltage will be applied via the 
transformer to the condenser. By suitable design the impedance 
N allows a condition of resonance to be obtiiined. 

Close and Loose Coupling 

If the inductance coil in the oscillatory circuit external to 
the condenser—which may consist sometimes of only one or two 
turns—has a second coil from another circuit capable of oscillation 
wound over it or placed near it, a current will be set up in the 
second coil by induction, the coil arrangement becomes a trans¬ 
former—usually called a “ high-frequency transformer ” as it is 
employed almost exclusively for currents having frequencies 
exeeeding 10* per second, and the coils themselves are said 
to be inductively coupled.” 

If the greater part of the magnetic field produced by a current 
through one of these coils cuts the turns of the other, they are said 
to be ‘‘closely coupled ” as in fig. 185 (a). If, on the other hand, 
they arc so situated relative to each other that only a small part 
of the field of one cuts the turns of the other, as in lig. 185 (b), 
then they are said to be “ loosely coupled.” The coils are called 
respectively primary and secondary. If only one coil be used for 
coupling together two circuits one part of it may act as primary 
and another part as secondary. In such a case where one part is 
common to both circuits, the circuits arc said to be “ directly 
coupled ” and the transformer is called an “ auto-transformer.” 

191 



Fig. 184. Condenser charging current and voltage 
curves. 




HANDBOOK OF TECHNICAL INSTRUCTION 



Fig. 185. Closed and Open Oscillatory Circuits : Closely and Loosely Coupled. 


A “ closed oscillatory circuit,” as illustrated in fig. 185 (a), is one 
in which the distance between the plates of the condenser is small 
compared with the linear dimensions of its smallest active surface, 
so that the spread of its electrostatic field through the surrounding 
space is as small as possible ; on the other hand the distance ap^irt 
of the active capacity areas forming the condenser in an “ o^ien 
oscillatory circuit ” is large compared with their linear dimensions, 
so that the electrostatic field extends well into space, as in the 
arrangement shown in fig. 185 (b), where the place of the active 
capacity surfaces is taken by the aerial and the earth. 

Resooance in Coupled Circuits 

In Chapter XIV we considered the case of a periodic E.M.F. 
applied, to a circuit having inductance, capacity, and resistance, 
and showed that if the frequency of the E.M.F. bore a certain 
relation to the inductance, resistance and capacity a condition of 
resonance was established. 

A similar state of resonance is established between coupled 
circuits when their natural frequencies are identical, the magni¬ 
tude of the current induced in a secondary circuit by a flow of 
current through a primary being then very much greater. 

As frequency is simply a function of capacity and inductance it 
is clear that by introducing either a variable condenser or a 
variable inductance into either or both circuits, the two may be 
put into resonance. 

Again, as the strength of the current induced depends upon 
resonance, a measurement of the induced current affords a means 
of determining when such resonance has been effected. Further¬ 
more, as the maximum current is the determining value, only a 
comparative measurement need be made. 

Thus if a low-voltage incandescent lamp be shunted across a 
certain part of, say, the secondary circuit, and the frequency 
be varied by altering either the capacity or inductance, the 
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arrangement which gives the maximum glow of the lamp is that 
which places the circuits in resonance, and the operation of 
adjusting the circuit to obtain resonance is called “ Tuning.” 

Resonance or Tuning Curves 

If an instrument capable of measuring the current be used, 
several readings can be taken for different condenser values. A 
curve may be plotted with the condenser values as abscissae and 
the corresponding current values as ordinates, and such a curve 
may take the form shown in figs. 186 (a), 186 (b). The peak of 



Fia. 180. Flat and Sharp Tuning Curves. 


the curve shows the maximum current, which is called the “ reson¬ 
ance current.” The frequency of the circuit corresponding to the 
capacity of the condenser producing the resonance current is 
called the “ resonance frequency.” 

Fig. 186 (b) shows a condition where a slight variation of the 
condenser—either increasing or decreasing its value—causes a 
considerable alteration in the current produced. In other words, 
it is seen that here exact tuning greatly increases the current, 
denoting small energy loss in the eircuit, and consequently shows 
the circuit to possess only a small decrement. Fig. 186 (a), on the 
contrary, shows that the current is not greatly affected by tuning, 
and conse(]uently the energy loss and damping are greater. 

Mutual Inductance 

If oscillations in a primary circuit inductively set up oscillations 
in a secondary circuit, these secondary oscillations will in turn 
have an inductive effect on the primary, and so on. 

The effect produced by the interaction of the primary and 
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secondary oscillations is due to the mutual inductance of the two 
circuits. The mutual inductance between two coils may be 
calculated from the following formula : 



where M represents the mutual inductance, Lj represents the 

inductance of the two coils joined 
in series in such a manner that 
the currents traverse both in the 
same direction, and Lg repre¬ 
sents the inductance of the two 
coils joined in series in such 
a manner that the current 
traverses them in opposite direc¬ 
tions. 

It is found, when the coupling 
of the two coils of a transformer 
Fiq. 187. Double Hump Resonance Curve, is Very close, that there are two 

values of the condenser at which 
a variation on either side produces a decrease in the value of the 
current. The curve is shown in fig. 187, and it is seen to be 
double humped. 

Coefficient of Coupling 

The coefficient of coupling is defined as being the ratio between 
the niutual inductance and the square root of the product of the 
individual inductances, or, 

k- 

~vuu 

where k represents the coefficient of coupling, M the mutual 
inductance, Lj the inductance of one coil taken separatelyy and 
La the inductance of the other. 

Thus, in the case of a transmitting set, Li represents the total 
inductance of the primary circuit, mcluding the leads, and Lj 
represents the total inductance of the aerial circuit, including 
aerial, and aerial tuning inductance. 

With damped oscillations a tight, or close coupling has an 
effect on the decrements and frequencies of the oscillations, and 
a true measurement of coupling must be based on some relation¬ 
ship introducing decrement in addition to mutual and individual 
inductances. 

Wavelength 

Now an open oscillating circuit, as will be explained in a later 
chapter, loses energy not only by heat losses in its internal 
ohmic resistance, but also by the direct loss of energy into the 
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surrounding space when an oscillating current surges in the 
circuit. 

This energy which is lost in space is said to be “ radiated ” by the 
open circuit, and necessarily has the same frequency of pulsation 
as the oscillatory current which gives rise to it. 

The radiation travels through space with the velocity of light, 
and the distance between successive points of the same phase 
relationship in the direction of travel is called a “ wavelength.” 

In free space, this wavelength has a constant value for a given 
frequency, but in the oscillatory circuit itself, wavelength has 
no meaning as the circuit may have any form and the induc¬ 
tance and capacity may either be separated in the form of coils 
and condensers, or distributed evenly along it as in an aerial. 

When we say, therefore, that the current in an oscillatory circuit 
has a given wavelength, it is the wavelength in free space corre¬ 
sponding to the frequency of the oscillatory current which is 
always implied. 

Then Xm = j 

Where Xm = wavelength in metres 

V = velocity of radiation in free space =3 x 10® 
metres per sec. 

f = frequency of the oscillations 
3 X 10® 

and Xm =_ J: _ 

27 z y'C L 

where C is in farads and L in henrys, 
or Xm == 1884.96 ^y/C L 

where the capacity is given in microfarads and the inductance 
in microhenrys. 

Wavelength of Coupled Circuits 

Then if we have two magnetically coupled circuits as shown in 
fig. 185 {a) or (b), and as is represented in fig. 188, we shall 
have a double periodic oscillation occurring in both circuits giving 
a double-humped resonance curve such as is indicated in fig. 187, 
and the wavelengths of this oscillation can be represented by 

2X' = + >^1 + + Vn + XI - 2X,XVi _ . (1) 

2X''= yX'l + X| + 2XiX2yi —/c* —'\/X'f + Xg — ^^Xj-y/l — k* . (2) 

where /c® = MVLjLj.(3) 

and Xi = wavelength of free oscillation of circuit I. 

Xj == wavelength of free oscillation of circuit II. 
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The equations (1) and (2) only l^ld, however, when the resistance 
of the two circuits have a negligible effect on their wavelengths. 

When two distinct wave¬ 
lengths are radiated from 
an aerial, it is clear that 
interference with other 
stations must be increased, 
and the tuning at the re¬ 
ceiving station must be 
flat. By suitably arrang¬ 
ing the coupling, however, 
a position is found at 
which practically any one 
set of oscillations is de¬ 
tectable. If a very loose 
coupling be used, the mutual inductance becomes negligibly small. 
Radiation with such a very loose coupling is comparatively weak, 
as the amount of energy transferred to the secondary is small, 
and this energy increases with increased coupling up to a certain 
point beyond which it decreases. 

We see, therefore, that where selectivity is important a loose 
coupling is necessary. Where great radiation is required a closer 
coupling in general must be adopted even at the expense of 
selectivity. 



Fio. 188. Two Magnetically Coupled Oscillatory 
Circuits. 


Percentage or Degree of Coupling 

Coupling is usually reckoned as a percentage of the maximum. 
Theoretically the closest coupling would be unity, but this is 
impossible in practice, as inductance in a circuit is not confined 
to the coupling coil but is spread throughout the circuit. If by 
calculation or experiment the coupling is found to be, say, 0.1, 
this is expressed as a 10 per cent, coupling. 

If we consider two separately tuned circuits, the coupling is most 
conveniently found from the following formula : 

h, _ ^2 

^ A 

where k is the coefficient of coupling, A 2 the longer of the twa 
waves when the circuits are coupled, and A| the short wave. 
A is the natural wavelength of either of the circuits. 

Now if we suppose the two circuits to be tuned to the same 
wavelength X, we have 

X' = X V 1 - ^.(•!) 

X = X 1 /c.(5) 

If we now call 8' and h" the decrements of the two oscillations 

.w 

vi +A V 2 ; . 
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where Sj + 82 ^^e the decrements of the circuits respectively. 
These solutions are approximate only. 


Damped Waves 

Now let us suppose that circuit 1 (fig. 188) is set in oscillation. 
A damped oscillation, such as is 
shown in fig. 189, will be pro¬ 
duced. 

Complex oscillations will now 
be set up in circuit II (fig. 188) 
and will be transferred back to 
circuit I. As a final result we 
shall have a beat wave set up 
in the two circuits (fig. 190), and 
the phases will be as shown, 
that is, there will be a difference 
of phase of 90° between them. 

It is interesting to note that the degree of coupling is given 
from the relation / _ I 



Fin. 180. 


A Damped Oscillation in a 
Single Ciroiiit. 


n r 

where / == beat frequency of complex current 

n = number of cycles of current per beat. 



Fia. 190. Damped Boat Oscillations in Coupled Circuits. 
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Now the circuits shown in fig. 188 can represent the case of a 
typical spark transmitter in which Cj, Rj and would correspond 
to the constants of the closed circuit and C 3 and Rg would corre¬ 
spond to the capacity and radiation resistance of the aerial, and 
La to the loading inductance in the aerial circuit. 

Quenching in Spark Sets 

If the spark circuit is required to transfer as much of its energy 
as possible to the aerial it must be tightly coupled to it. The 
coupling which produces the beat oscillations shown in fig. 190, for 
instance, is 16%. Tight coupling, however, results in oscillations 
of two frequencies being produced, and two wavelengths will be 
radiated. This is undesirable. 

What is required in a spark set is that the primary circuit 
should continue to feed energy into the aerial circuit only as 
long as the the aerial current is increasing; when it reaches a 
maximum the supply should be cut off so that the aerial should 
be left to oscillate and radiate at its own fundamental period 
only. What happens with two coupled circuits as shown in fig. 
188 is that all the energy in circuit I transfers to circuit II in 

^ cycles, and then the energy flows back again into circuit I from 
2t 

circuit II. 

Now when a condenser discharges, its potential falls as the 
current increases, also, when a discharge takes place in a gas 
such as air, the effective resistance of the spark becomes less as 
the current increases, and the potential difference required to 
maintain it therefore also becomes less. 

But if steps are taken to maintain the resistance of the spark 
as high as possible at all values of the current, it is possible to 
arrange that the fall in P.D. in the condenser circuit takes place 
more rapidly than the fall in P.D. across the discliarger, so that at 
a certain point the discharge ceases and does not start again 
until the potential in the condenser circuit again rises to the 
original value at which it first began. 

This is what is understood by a quenched spark discharge. 

If circuit II represents an aerial, from the moment that quench¬ 
ing takes place in circuit I, the aerial current will cease to show 
any coupling effect and the aerial will radiate a pure wave. 

This operation is indicated in fig. 191, where the oscillation in 
a damped primary circuit is shown reaching zero at the moment 
of the occurrence of the first coupled wave peak in the secondary 
circuit. Thereafter the aerial oscillation alone survives and 
dies out at a rate which is determined by the total decrement of 
the aerial circuit. 

The Quenched Spark Gap 

The desired result is obtained by employing a form of dis¬ 
charger first introduced by M. Wien. In this apparatus the 
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discharge is split up between a number of spark gaps in series, 
the greater the number the better as the spark resistance is a 
maximum at the sur¬ 
face of the elec¬ 
trodes, and the more 
surfaces employed 
the higher the total 
resistance. As a re¬ 
sult the breakdown 
pressure does not ex¬ 
ceed 1,000 volts per 
gap, and may be as 
low as 500 volts per 
gap. 

The sparking sur¬ 
faces are large com¬ 
pared with the size 
of the gap, which is 
of the order .01 to 
.02 mm. and are pre¬ 
ferably flat and truly 
parallel in order to provide a very large number of alternative 
places where the discharge may oeeur. 

An important point is to keep the discharger as cool as possible 
in order to prevent the gap resistance being lowered by vapori¬ 
zation of the electrodes. This 
is done by using thick copper 
plates which are sometimes 
fitted with cooling flanges or 
interleaved with cooling discs, 
and when necessary some 
form of ventilation is pro¬ 
vided, or forced cooling by 
means of an air-blast is em¬ 
ployed. 

Finally, the sparking sur¬ 
faces must be made of a metal 
which does not pimple up or 
flake off under the oxidizing 
action of the spark so that 
there is no tendency for the 
small gap to become bridged 
and short-circuited. Silver 
fulfils these conditions and 
is generally used, the copper 
plates being surfaced with 
it by means either of a 
plating or welding or rivet¬ 
ing process. A Marconi type quench gap is shown in fig. 192. 



Fio. 192. 1J kw. Marconi Quench Gap. 
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The Relation between Quenching and Coupling 

The magnetic coupling between two circuits allows energy to 
be fed from either of them into the other. , 

The aerial circuit absorbs energy from the primary circuit in 
which the H.F. oscillations are generated, and therefore assists the 
quenching effect at the discharger, but as the same tendency exists 
for the aerial circuit to lose energy to the primary it is clearly 
necessary to limit the strength of the coupling between them to 
that at which the energy fed back does not prevent quenching 
taking place at the right moment, that is, when the aerial current 
reaches its first beat maximum. 

The maximum coupling therefore depends on the rate at 
which the aerial can get rid of the energy it receives, either by 

ohmic resistance loss or 
radiation, and also on the 
type of quenching dis¬ 
charger used. It will be 
found to lie between 10 
per cent, and 20 per cent. 
The best value for the 
Marconi discharger used 
with an average circuit is 
about 16 or 17 per cent. 

Determination of Best 
Coupling 

It is obviously necessary 
to obtain some means of 
determining the critical 
coupling at which the gap 
works best. At this critical 
coupling the reading of an ammeter in the aerial circuit will 
indicate a maximum. A convenient method of determining the 
correct degree of coupling is to insert a measuring device, such as 
a loosely coupled wavemeter, in the aerial circuit (fig. 193). 

If this wavemeter be provided with a hot wire ammeter, readings 
can be taken proportionate to the actual current in the aerial 
circuit for varying degrees of coupling and varying wavelengths. 
A series of such curves is shown in fig. 194. Here the ordin¬ 
ates are squares of currents, and therefore are proportional to the 
power in the aerial, and the abscissjc represent wavelengths of 
resultant radiation. 

Coupling and Radiation 

From the above figure it is seen that for any coupling greater 
than 20% the radiation is very impure. As the coupling is in¬ 
creased from very low values, the aerial current will increase 
up to a certain point, and then decrease sharply for a very small 
increase of coupling. At this point the main wave is said to have 
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“ broken, ” and the resultant oscillation then becomes an impure 
one. The value of coupling, which is just less than that at which 
the wave breaks, is the correct one to use in operating the set. 

It should be clearly understood, however, that even under the 
adjustment given above, waves of two frequencies will be pro¬ 
duced. These waves have been defined in terms of r, above 
(Equations (4) and (5)). 

Detuning the Aerial Circuit 

Hence to obtain radiation at the required wavelength, we 
shall have to adjust out two circuits, one above, and one below, 
this wavelength. 

The aerial, therefore, is detuned a small amount, the exact 
value for best results and its sense—whether an increase in 
wavelength or a decrease—being found by trial as they depend 
principally on the coupling and decrements of the two circuits. 

Thus, it will be noted in fig. 195—which gives a series of tuning 
curves for an experimental circuit in which this effect is very 
marked—that the resonance condition produces a curve which 
has a low broad hump at its maximum, whereas high narrow 
peaky maxima are obtained for various percentages of detuning. 

The best wavelength for radiation will be found to be slightly 
less than the natural wavelength of the aerial. 

The usual adjustment on a Marconi quenched spark trans¬ 
mitter is an aerial detuning of 3 per cent, increase of wavelength 
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above that of the primary circuit. Thus in a particular case the 
primary wave was 582 metres, the aerial wave 605 metres and 
the radiated wave 600 metres. 


Quench Gap Should Only Be Used with Coupled Circuit 

If the transmitting circuit is operated with the aerial dis¬ 
connected, or with a very weak coupling, the total decrement 



Fig. 105. Quench Gap De-Tuning Curves. 


will be less and the primary circuit will lose its energy at a much 
slower rate, so that the quenching effect will only become operative 
after a long train of oscillations. 

The energy otherwise transferred to the aerial must under 
such conditions be used up in the discharger with the result 
that a great amount of heat is produced and the sparking 
surfaces suffer accordingly, 

A quench gap transmitter should therefore never be operated 
without employing an absorbing circuit of some kind ; if the 
working aerial cannot be used, then an equivalent artificial 
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aerial comprising an inductance, condenser, and resistance should 
be employed in its place. 

Types of Spark Transmitter 

EJectro-magnetic waves used for signalling may be conveniently 
divided into two classes : 

1. Damped waves, 

2. Undamped or continuous waves, 

and it is with the first of these that we propose to deal in this 
chapter. 

The damped high frequency currents required to produce these 
waves, can be created by the oscillatory discharge—through a 
circuit having the necessary electrical constants—of a high voltage 
condenser across a spark gap. Such an arrangement when associated 
with a suitable radiating circuit becomes a “ spark” transmitter. 
The essentials of such a transmitter have been shown to be : 

1. A condenser and inductance. 

2. Some means of charging the condenser. 

3. A discharger or spark gap. 

4. A high frequency transformer. 

The function of this last mentioned apparatus is to convert the 
discharges of the condenser-inductance circuit into oscillations in 
the aerial. Spark transmitters may be considered under groups 
according to the tyj)e of gap employed. 

1. Open gap or plain spark gap. 

o a mg gap | non-synchronous. 

3. Quench gap. 

Let us enumerate the requirements of any type of spark gap 
and then see in what way the gaps given above fulfil them. The 
main requirements are three in number. 

1. The gap must possess high dielectric strength previous 
to breakdown, so that the condenser may be charged to 
a high potential difference. 

2. After breakdown the gap must possess a very low 
resistance, otherwise the damping of the oscillation will 
be excessive, and the transmitter inefficient. 

3. As soon as the condenser discharge voltage falls below 
a certain critical value, the gap must possess the power to 
recover its insulating character rapidly. 

Open Gap or Plain Spark Gap 

To assist in conducting away the heat, massive electrodes may be 
used with large sparking areas. Cooling flanges can be provided, or 
the gap may be cooled by an air blast. The gap must be kept clean. 
The use of the open gap has so many inherent disadvantages, 
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Fio. 196. A Synchronous Rotating Gap 
Discharger, 



Fig. 197. Synchronous Rotating Gap Dis¬ 
charge Once per Half Cycle. 



even on small power, that it is 
not now employed, and no plain 
spark transmitter will therefore 
he described in detail. 

Synchronous Rotating Gap 

The construction of a synchron¬ 
ous rotating gap is shown in fig. 
196, and it will be seen from this 
that the rotating electrode simply 
consists of an insulated toothed 
metal wheel rigidly fastened to 
the alternator shaft. The course 
of the current at spark is from 
one fixed electrode to the disc, 
through the disc, and then by 
way of the second gap to the 
other electrode. The disc is ad¬ 
justed so that the electrodes 
come into line at each maxi¬ 
mum of the voltage wave, and 
the electrode separation is made 
just less than that giving a break¬ 
down voltage equal to these 
maxima. The gap therefore 
breaks down once every half 
cycle. 

The action of the gap is shown 
graphically, in a simplified form 
in lig. 197, the condenser oscilla¬ 
tory discharge taking place near 
the peak of the charging potential 
applied to it. 

This form of gap will handle 
large amounts of power and high 
spark frequencies, and at one 
time was widely used on marine 
spark transmitters. 


Non**Synchronous Rotating Gap 

In the case of the non-synchronous rotating gap, the disc is 
generally driven by an independent motor and may break down 
more than once during every half wave. The action is shown 
in fig. 198 for one condition, three oscillatory discharges at irregular 
amplitudes being shown per half cycle. 

It will be seen that the group frequency of the spark may be 
raised to high values by the use of a non-synchronous gap, which 
owing to the improved audibility of the higher tones may result 
in a material increase in the effective range of a station. 

204 






FOR WIRELESS TELEGRAPHISTS 

Quench Gap 

This has been described earlier in this chapter and needs no 
further comment. 

Commercial Types of Sparl^ Transmitters 

As all open or plain gap and all synchronous and non-synchronous 
rotating gap spark transmitters are now obsolete, th^ only spark 
apparatus now in use, and permitted by the Board of Trade to be 
used, are low power quenched gap transmitters. 

Those we shall consider are :— 

The Marconi type 341—J kw. transmitter. 

The Marconi type 369—290 w. transmitter, 

I'he Radio Communication Co. type T20—J kw. transmitter, 
The Radio Communication Co. type T24 —I kw. transmitter, 
The Siemens Brothers ^ kw. Q.G. Cabinet Set. 

Marconi Quench Gap Sets. The I kw. Transmitter, type 341 

This is shown in hg. 199 and is of the auto-coupled type, that 
is to say, the primary circuit and the aerial circuit of the High 
Frequency transformer employ a common inductance coil but use 
different tapping points. It incorporates a wave-changing switch 
and a variometer for line adjustment of the aerial circuit. 



Fio. 199. Marconi i kw. Quench Gap Transmitter, Type 341. 

0. Condenser G. Spark gap. Ti. Inductance. S. Switch. T. Transformer. 
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The wave-changing switch has four positions corresponding to 
wavelengths of 300, 450, 600, and 850 metres. 

Power is supplied to the generator either by a 24-volt battery 
charged off the ship’s mains, or directly by these mains. In 

cither case current is gene¬ 
rated at TOO V. 800 cycles and 
is fed into the transformer 
where the voltage is raised 
to 1,100 V. 




290 Watt Quench Gap Set, 
Type 369 

The Type 369 Transmitter 
shown in fig. 200 is intended 
to rej)lace the Marconi I kw. 
Quench Gap Set. The trans¬ 
mitter working on full power 
consumes less than 300 
watts measured at the input 
of the supply transformer, 
“"fio. 200. Marconi 200 W. Type 3G9Q.G. which is withiii the limita- 
Transmitter. tions laid down by the 1927 

Washington Convention. 

The power for the set is derived from a battery which drives a 
motor ^ternator, which in turn supplies a transformer, the secondary 
of which feeds the closed oscillatory circuit. 

A wiring diagram of the set is shown in fig. 201, where it will 
be seen that the closed circuit is inductively coupled to the aerial 
circuit. Wavelengths of 220, 600, 705 and 800 metres can be 


readily obtained on traw¬ 
lers and small craft. The 
set is, therefore, of special 
utility to small craft and 
the wavelengths of 600, 
705 andSOO metres may be 
utilised on cargo vessels. 

Wave changing is 
effected by means of a 
switch and variometer. 

The front panel of the 
transmitter carries the 
nameplate, variometer 
scale and switch indica¬ 
tors. The handle for thie 
variometer is at the upper 
left-hand portion of the 
panel, while the switch 
for changing to 220 metres 
is at the right-hand side. 



Fio. 201. Wiring Diagram of 369 Q.G. Transmitter. 
Condenser C inserted when aerial capacity exceeds 
.0005 mfd. 
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The closed circuit tuning is controlled by a rotating disc, the 
periphery of which projects through the front of the panel. The 
wavelengths corresponding to the position of this disc are engraved 
on the edge. 

The closed circuit is tuned at the works, and the position of 
the closed circuit taps will be shown on the test sheet dispatched 
with the transmitter, which will tune to 220, 600, 705 and 800 
metres on any small vessel with an aerial having a capacity 
between .000275 and .0005 mfd. 

In isolated cases where the capacity of an aerial may exceed 
.0005 mfd., a wave shortening condenser must be used. This 
condenser should be inserted between the 220 metre tap to induc¬ 
tance and aerial. When on the longer waves, the wave switch cuts 
this condenser out of circuit. On vessels other than trawlers and 
similar craft the 220 metre wave will not be required. 

Successful results with this transmitter are essentially dependent 
upon the use of correct coupling, as good quenching, sharp tuning, 
and the best aerial radiation are obtained only by correct adjust¬ 
ment. Coupling may be altered by moving the flexible connection 
from “ K.B.” (on the terminal board) up and down the aerial tuning 
inductance. The nearer this connection is to the base of the aerial 
tuning inductance the closer the coupling. 

The primary tappings are set at the works to give waves of 215, 
580, 680 and 775 metres. The percentage coupling for the best 
results should be approximately 20 per cent, and the aerial circuit 
should be tuned to provide wavelengths of 220, 600, 705 and 800. 

The best coupling position for the 600 metre adjustment should 
be used for the 705 and 800 metre waves. With the correct coupling 
position for these three waves tuning should be adjusted so that the 
variometer need not swing more than 40 degrees each side of a given 
position to give maximum aerial current and clearest note. 

A large alteration of coupling may require for 220 metres, 
say approximately four or live turns above the 600 metre position. 

The Inductor Alternator 

The inductor type of alternator is often used with Quench Gap 
sets. In these machines the relative position of the armature and 
field windings are fixed in the stator, but a revolving soft iron or 
mild steel element, the rotor, periodically varies the reluctance 



Fig. 202. Variation of Magnetic Flux through Coils of an Inductor Alternator. 
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of the flux path ; and thus the flux linked with a given winding 
in the armature, periodically increases and decreases as shown 
in fig. 202. 

The stator has a number of teeth Tj which project towards the 
rotor and are magnetized by a coil which is fixed in a cylindrical slot 
cut out of the centre of the stator teeth and, in some cases, may 
butt into a slot in the rotor teeth, a small clearance being left to 
allow the rotor to revolve without touching the coil. On passing 
current through this coil the teeth at one side of it all become of 
north-seeking polarity and at the other of south-seeking polarity. 
On these teeth are wound the coils in which is generated the alter¬ 
nating current. The rotor has an equal number of teeth T, on its 
periphery, the angular width of the slots between them being the 
same as that between the teeth of the stator. When the teeth are 



Fiq 203. Inductor Alternator Regulator Connections. 


opposite to each other, as shown in fig. 202, maximum magnetic 
flux passes through the magnetic circuit, thus producing in these 
coils an alternating voltage of frequency given by the expression 
f = n X 

where 

/ = frequency 
n = number of pole teeth 
X = revolutions per second. 

With this type of alternator, frequencies well abov^ the average 
are possible, as all windings are stationary, and the rotor can be 
specially designed for high speed operation. But it is not neces¬ 
sary to rely on speed only, as a fairly high frequency can be obtained 
by the use of a large number of poles. 

Control of the generator is achieved by means of a motor- 
starter A (fig. 208) for the driving motor, a field regulator to enable 
the speed of the driving motor to be regulated, and an alternator 
generator field regulator to enable a further control of the 
generator to be obtained. 

The Transformer 

The transformer used in conjunction with the type 341 J kw. 
Spark Set has an output of .275 kva. at 1100 v. and 800/^. This 
corresponds to 0.25 amps. The input is 50/100 v. R.M.S. at 800^ 
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5.84/2.92 amps. It is air cooled. In the case of the type 369 
transmitter and the 558 emergency transmitter to be described 
in Chapter XXX the transformer is oil filled and gives an output 
of *5 kva. at 5,000 v. and 500^. The input is 100 v. R.M.S. at 500/^ 

The Quenched Spark Gap 

The quenched spark gaps in the various sets differ only in size 
and in the number of gaps employed ; they are in all eases built 
up of heavily silvered copper plates. 

The plates are mounted on a vertical spindle in the case of the 
larger gap and on a horizontal spindle in the case of the smaller. 

Cooling by radiation and convection is encouraged by providing 
the large plates with wide fins, and the small plates with holes 
for ventilation. 

The Transmitting Condensers 

All the main and auxiliary condensers C on these sets are of the 
mica dielectric type and have a breakdown voltage considerably 
in excess of any voltage likely to be generated in using the set. 

The Tuning Inductance 

Tuning inductances in the case of the type 341 transmitter are 
of the auto-coupled type, that is to say, tappings are made on a 
common inductance coil by both the primary circuit and the aerial 
circuit, but in the case of the Type 309 transmitter primary and 
aerial circuits arc inductively coupled. 

The main A.T.I., marked L (fig. 199), is wound on a w^ooden 
former, in the case of the type 311 set, and has tappings taken to 
the studs on the three-way w’avc changing switch S. 

The Aerial Ammeter 

This consists of a hot wire ammeter, oj^erated from the secondary 
of an air core transformer, of which the primary is in series with 
the aerial. 

The Manipulating Key 

On most Marconi telegraph transmitters, the key used for 
signalling is that known as the Ty])e 365, which is illustrated in 
fig. 204. Although the actual design of other manij^ulating keys 
may vary slightly from this one, the Type 365 is typical of the best 
design and incorporates the main desirable features in such a key. 
These are :— 

1. The balance of the key is good. 

2. The key remains in adjustment as regards contacts for 

a long time. 

3. The contacts are heavy and do not become easily pitted. 

4. The key is capable of delicate adjustment. 

5. The wearing parts are easily renewable, and the key 

may be connected to the transmitter in a simple manner. 

6. Adequate insulation is afforded. 
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Fig. 201. Manipulating Key Type 3()r)A. 


The key consists of a light sturdy bar A provided with a manipulat¬ 
ing knob B, and pivoted on ball bearings at C. The main make and 
break contacts are situated at D, the top contact being adjustable 
by a screw and lock nut E. The play of the key is regulated by an 
adjustable back stop F, and the tension of the key by means of the 
spring and screw G. 

The subsidiary make and break contacts are fitted at 11 and I, 
the arms of these being operated by means of the insulating bar K. 

Tlie contacts are designed to 
close when the key is down. 
The connections of the contacts 
are taken to six terminals marked 
AC, AC, BL, BR, TL and TR, 
and the method of connection 
is shown diagrammatically in 
fig. 205. 

Adequate protection from 
shocks is obtained by means 
of an earthed metal cover L and 
the part of the key projecting 
from the cover is protected by an insulating casing M. 

Tuning the Transmitter 

In the J kw\ set the tapping points on the primary windings 
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are correctly adjusted at the works, and this connection is 
permanent. Fine tuning of the aerial can be carried out by 
means of the variometer attached to the set which enables 
maximum aerial current to be obtained. It may happen that 
maximum radiation will not coincide with the exact wavelength 
required, in which ease a small sacrifice of aerial (nirrent must he 
accepted, but these discrepancies will only be found in 
abnormal circumstances. 

Suppose we wish to tunc a transmitter in which the open and • 
closed circuits are separate. This can best be done with a wave- 
meter using a crystal rectifier, and a high note buzzer and dry cell 
connected across that portion of the inductance coil which is in 
circuit. A good crystal should be selected for the wavemeter, 
and the coujiling between the wavemeter and the primary coil 
should be only just tight enough to get audible signals when in 
tunc ; there will then be no discrepancy in the observed wave¬ 
lengths due to “ coupling effects.” As the wavelengths mentioned 
arc those which are required to be radiated, it must be borne in 
mind that for quench gap working, the aerial will be detuned about 

jier cent, upwards, so that the primary should be tuned to 
wavelengths 3 per cent, less, i.c. 487, 582 and 776 meters for the 
450, 600 and 800 waves. 

Having tuned the primary, the set should be sparked on an 
artificial aerial. This may consist of an air condenser of .0005 
mfd. capacity, with a few turns of ship’s A.T.L to produce a 
natural wave of about 450 metres. A non-inductive resistance 
of about 4 ohms should be included in this artificial aerial 
circuit. 

A coupling of about 17 per cent, is required for best working, 
that is, to produce good quenching (sharp tuning) and high aerial 
current. The secondary coil is fixed at such a distance from the 
primary that even for quite small aerials, this change of coupling 
can be obtained, by having the whole of it in circuit. For large 
aerials where the coupling may prove to be too tight, less of the 
secondary coil can be used, and any additional loading inductance 
required may be tapped off the extra Aerial Tuning Inductance 
(A.T.I.) panels. The cou}>ling may easily be obtained by means 
of a buzzer and wavemeter. 

In the event of the main aerial failing and an extemporized 
aerial having to be used, an adjustment of aerial inductance to 
give maximum radiation will give the best tune point. 

Example 

Let the primary be on the 436 meters tapping. Then by means 
of the buzzer connected across part of the A.T.I. the aerial is 
tuned, and it is found that the 436 meters adjustment is obtained 
when the whole of the secondary coil is in circuit and four 
extra turns on the first spiral of the A.T.I. If now the aerial is 
kept oscillating by means of the buzzer and the spark gaps in 
the primary are short-circuited hy putting both connecting clips 
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on to the one plate, two distinct waves can be observed on the 
wavemeter, such as 386 and 476 metres. The difference between 
them, divided by the normal wave length, gives the degree of 
coupling : 

476 _ 386 

^ cent. = 20.6 per cent. 

4oo 

This is too tight a value. Remove the clips on the discharger 
so as to open the primary circuit to prevent it oscillating ; take, 
say, two turns out of the secondary coil and add inductance on 
the A.T.I. correspondingly until the aerial normal wave is again 
436 metres. 

Then close primary circuit as before. The coupled waves 
may now be 402 and 476 metres and the coupling : 

476 - 402 ^ 

__ X 100 per cent. — 17 per cent. 


This is satisfactory. 

Connect the discharger in the primary circuit, take away 
the buzzer and spark the set, the 4 ohms extra non-inductive 
resistance mentioned above being in the aerial circuit. This 
extra resistance makes the total aerial resistance about 7 or 8 
-, ohms and reduces the aerial 



Fig. 206. Effect of De-tuning, Marconi 
Q.G. Transmitter 

should also be 449 metres or 


amps to a figure which may be 
expected in practice, i.e. on a 
ship type open aerial. 

Both circuits are still tuned to 
the same normal wave of 436 
metres, and the aerial current is, 
say, 9.5 amps. Now add one 
turn of A.T.I. This increases the 
aerial amps to 10; adding a 
further turn increases the current 
to 10.5 amps, and so on. 
Continue to add more inductance 
until the aerial amps begin to 
fall. The tapping on the A.T.I. 
which gives the highest aerial 
amps is the one to use as it gives 
the finest tuning. 

To measure the percentage de¬ 
tuning, again buzz the aerial, 
with the primary circuit “open.” 
The aerial normal wave may now 
be 449 metres, that is 13 metres 
higher than the primary so that 
the aerial is detuned 13/4.36 = 3 
per cent, upwards. The radiated 
wave as measured on the wave- 
meter when sparking the set 
very slightly shorter. 
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The “ note ” observed should be a pure tone of 1,000 cycles. 

A slight adjustment of the field of the A.C. generator can be 
made to obtain a clearer note. 

The 600 and 800 metre waves should be tuned in a similar 
manner, keeping the amount of secondary coil the same as found 
best for the 450 metre wave. This may mean a slight difference in 
the degree of coupling for these waves, but this is permissible, 
and, moreover, unavoidable without unnecessarily complicating 
the change-over switch. 

Fig. 206 shows by rectified wavemeter current, the degree of 
(juenching obtained on a typical Marconi set even when the aerial 
circuit is actually in tune with the primary. It will be noticed 
that when detuned 8 per cent., not only is the amplitude greater 
than when tuned, but the base of the tuning curve is narrower, 
which, of course, indicates sharper tuning. These two curves 
were obtained with a coupling of 16 per cent. 

To Obtain a Quenching Curve 

A suitable “ pick-up ” circuit for obtaining a tuning or 
“ quenching ” curve of ship type transmitters may consist of a 
.008 variable air condenser and thirty turns of No. 20 D.W.S. 
copper wire on a six-inch frame, with condenser reading calibrated 
against wavelength. Across the frame may be connected a 
good carborundum crystal in series with a 0—10 micro-ammeter. 
Put this pick-up circuit some 10 yards or more away from 
the transmitting set—the distance being such, that when “ in 
tune ” the deflection on the micro-ammeter is nearly full scale. 
For various condenser readings note the deflection on the 
micro-ammeter. The transmitting set should be working on full 
power on long dash, and the aerial amps should be the same for 
each reading taken. Plotting condenser readings calibrated in 
wavelengths against micro-amps, produces a curve as shown in 
fig. 206. If this curve has not a sharp peak or shows semblance 
of a second “ hump,” and the coupling between the pick-up 
circuit and the transmitter is not too tight, then the set is not 
quenching properly. 

General Information 

The I kw. set is primarily designed as an emergency set 
to be used when the main set is out of action. It possesses a 
very high spark note which may be of advantage in the case of 
traffic in congested areas. This set can be worked very satis¬ 
factorily from supplies of from 20v.—80v. and an emergency 
battery is provided for this purpose. The set can be used while 
charging this battery if necessary. 

RADIO COMMUNICATION CO.’S QUENCH GAP SETS 

We shall now describe two types of transmitter, originally 
manufactured by the Radio Communication Co. and employing 
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the quenched spark method of transmission. Both of these, the 
T20 and the T24 are no longer made but are still to be found on 
some ships. 

Type T20 ^ kw. Set 

This set was designed for use on small vessels and has a reliable 
range of 200 to 250 nautical miles, when the transmitter is 

operated in conjunction 
with the type Rl6, 
R16 and RA49, or Rl6, 
RA49, and RA45 
receivers, depending on 
whether a valve or 
crystal detector is to 
be used, and whether 
C.W. signals are to be 
received. 

The transmitter (fig. 
207) is designed to be 
worked from the ship’s 
mains, or in emergency 
from a battery of nine 
accumulators. The 
change over from one 
of these sources of 
supply to the other can 
be effected immediately 
by throwing over a 
switch. 

The components of 
the transmitter are 
mounted in a substan¬ 
tial iron framework on 
the front of which is 
mounted a polished 
slate panel. This panel carries the aerial ammeter and wave 
change control wheel, together with the change-over and 
starting switchgear for the motor alternators. The set is normally 
adjusted so that wavelengths of 300, 450, 600, or 800 metres can 
be obtained by a single movement of the control wheel. Safety 
gates are fitted so that when any of these are opened the main 
supply to the set is cut off. All terminal connections are brought 
to the back of the set. The quenched spark gap is of robust 
construction and is contained in the panel. 

Two motor alternators are provided for main and emergency 
supply to the set. These are of similar construction with the 
exception that one is wound to suit the voltage of the ship’s 
mains, and one is wound to suit the 18-volt supply from the 
emergency battery. 



r'lG. 207. ]{adio Cominunication Co., Type T20, 
i kw. Q.(i. Transmitter. 
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Type'T24 ^ kw. Set 

The type T24 set is similar to the T20 set in general design, 
and provides a thoroughly reliable wireless service at ranges up 
to 800 nautical miles. It is designed to fulfil thoroughly the 
requirements of the British Post Office and the International 
Regulations. 

A photograph of the set is shown in fig. 208. It will be seen that 
it differs from the T20 in having the spark gap, and the tuning 
coil mounted on the front of the panel. The high tension and 
high frequency units fitted inside the transmitter are enclosed 
by removable gates giving easy access to the various components 
when required. The aerial and closed circuit inductances con¬ 
sist of plated copper strip wound on grooved insulating supports, 
the wave change connections thereto being made by heavy 
adjustable spring contacts. The quenehed spark gap is fitted 
with non-arcing electrodes and large cooling surfaces. Pro¬ 
vision is made for cutting out some of the electrodes when working 
on reduced power. The spark frequency of the transmitter 
is 1,000. 

Four standard wavelength adjustments are provided for 
ordinary marine work. These give radiated wavelengths of 



Fio. 208. Radio Coninumication Co., Typo T24, J kw. Q.G. Transmitter. 
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450, 600, 706, and 800 metres as shown in fig. 209. Change from 
one of these to the other is made by the movement of a single 
switch. All connections are taken to a terminal strip at the back 
of the transmitter. 

The transformer is rated for an output of .5 kva., at 2,500 
volts, 500 cycles, and the main condenser is of .01 mfd. capacity 
and will withstand a pressure of 5,000 volts. 

As in the case of the T20 two motor alternators are provided 
for use with the set. One of these is provided with standard 
windings of either 110 or 220 volts to suit the ship’s mains, and 
the other is wound to suit the emergency battery of 18 volts. 
The rated maximum output of the main generator is .59 kva., 
500 cycles, single phase, and that of the emergency generator 
.25 kva. The voltage of the main generator is 100 volts, and that 
of the emergency generator is 52 volts. 

The emergency battery consists of nine large capacity cells 
mounted in three separate units. Provision is made for arti¬ 
ficially discharging these cells in cases where they are infrequently 
used for transmission purposes. The T24 set is designed to work 
in conjunction with a type R25 receiver. 



Fig. 209. Radio Communication Co., Types T24, \ kw. Transmitter. Diagram 
of Connections. 


General Notes on the Running of R.C.C. Transmitters 

The principle of operation of the above sets is, of course, the 
same as that of the Marconi sets, and similar instructions apply. 

The transmitter should never be connected to the power 
supply when the aerial is switched over to the receiver as if this 
is done and the key pressed, the mica in the spark gap may be 
punctured. 

It is essential that, the spark transmitter should never be 
keyed when the,aerial circuit is out of tune. 

In the case of the Tl7 set, th6 most satisfactory working is 
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usually obtained when the motor 
alternator is running at or near 
minimum speed. The process 
of phasing the spark on this set 
should be carried out in accord¬ 
ance with the instructions given 
earlier on in this chapter and 
should be only attempted when 
the motor alternator is running 
at its correct speed. 

The coupling adjustment 
should not be altered unless 
particularly small aerials are in 
use when it may be advantage¬ 
ous to increase the coupling 
slightly. Fig. 210. Siemens i kw Q.G Trans- 

Tuning of the closed circuit is mitter. 




Fig. 211. Siemens t kw. Spark Cabinet Set. 
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carried out before the sets leave the works, but an easy and reli¬ 
able method of tuning the aerial circuit is to adjust the clips on 
the A.T.I. until maximum aerial current is obtained. 

SIEMENS QUENCH GAP SETS 

The ^ kw. Set 

This is a complete equipment, the transmitter and receiver 
being mounted together in a cabinet (fig. 211). The transmitter, 
a simplified diagram of connections of which is given in fig. 210, 
can be operated from a battery of 24 2-volt accumulators, 
which can be used whilst being charged from the ship’s mains. 
The transmitter can also obtain its power direct from the ship’s 
mains. 

The motor generator is mounted on a pad to prevent noise, 
and is held in the lower cupboard of the cabinet. The excitation 
circuit consists of an inductance, mica condenser, and 4-part 
quenched spark gap. An aerial variometer and aerial tappings 
are provided for fine and coarse adjustment of wavelengths. 
These tappings are normally set for wavelengths of 600, 705, 
and 800 metres with one spare. 

Keying is accomplished by means of a manipulating key in 
the primary circuit of the transformer. 

The generator delivers 110 volts A.C. at 500 - and the trans¬ 
former raises this voltage to 4,000 volts. 
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CHAPTER XVII 

AERIALS AND RADIATION 

I T becomes necessary now to consider a little more closely 
the manner in which electro-magnetic waves are produced 
in the ether, and to start with it is necessary to define our con¬ 
ception of what is meant when we talk about the ether. 

The ‘‘Ether 

Many physical phenomena, otherwise difficult to explain, fit 
into a logical pattern if we adopt the hypothesis that all space 
is permeated by a continuous, imponderable, elastic medium, to 
which the name “ ether ” has been given. 

This medium cannot be isolated or detected by any of the 
senses, but it provides a basis for an undulatory theory of light, 
explains electro-magnetic effects and also gives the reason why 
the speed of propagation through space of both these classes of 
phenomena is the same. 

Qualitatively they are identical, as light has now been shown 
to possess all the attributes of electro-magnetic energy, and it 
can be demonstrated that electro-magnetic effects are propagated 
through space as undulatory pulsations or waves. 

Wave Motion 

In order that a wave motion may be set up in any medium, 
the medium must possess the property of elasticity and it must 
possess inertia of some sort. 

When we speak of an elastic substance we mean a substance 
which has the power of resisting any change of its own state by 
an applied external force, owing to the creation in it of a force re¬ 
sisting strain that brings the substance back to its original state 
on the removal of the force. 

By inertia, as explained under Chapter IX on self-induction, is 
meant the property of any matter in virtue of which it tends 
to resist any change of motion. 

Thus, if the force producing a strain in an elastic body be 
removed, a certain motion takes place as the body is returning 
to its original state. This motion does not cease immediately 
the body has arrived at its exact original state, but by virtue 
of inertia continues a certain way in the opposite sense, thus 
producing a state of compression if a state of rarefaction had 
existed originally. This over-reaching of the state of equili¬ 
brium continues for a certain time until the energy supplied by 
the original applied force is all frittered away. 
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Ether is a medium possessing such elasticity and inertia, 
and we must now consider what is meant by wave motion through 
such a medium. 

Wave Motion in Water 

It is convenient to compare electro-magnetic wave motion 
with the periodic motion of some substance such as water, which 
can be observed in detail. 

When a solid body is thrown into water, a series of ripples is 
created which expands in concentric circles from the point of 
impact. ‘ 

The ripples nearest this point arc strongly marked, but as the 
distance from the origin increases they become less pronounced 
until finally, if the water surface is large enough, they become 
too weak to be noticeable. 

It would almost appear that water was being transferred from 

the centre outwards, but if a 
float be placed within the in¬ 
fluence of the waves it is found 
that instead of being carried 
outwards it merely rises and 
falls, at one moment appearing 
on the crest of a ripple and the 
next moment in the trough be- 
tween two ripples so that, al¬ 
though the energy imparted by 
the falling body to the water is 
propagated by the ripples, no 
actual transference of the sub¬ 
stance of the water to a distance 
takes place by this means. 
Actually, the impact with the 
falling body calls into jflay the inertia and elasticity of the 
material to resist the blow. The water displaced exerts a 
pressure around it and, because of the incompressibility of the 
liquid, the only direction in which the adjacent water can 
move is an upward one. As the body disappears below the 
surface, the water originally displaced returns to its former 
position, but it does not remain there ; by virtue of its inertia 
it rises higher than the original level, and for the same reason 
the water which was adjacent to it now goes through the reverse 
of its original motion. This reaction effect is passed on to every 
one of the innumerable small water particles, the amplitude of 
the ripples becoming steadily less as the energy of the blow 
becomes more widely distributed until a stage is reached when it 
can no longer be detected. 

The ripples are caused, therefore, by an upward and downward 
wave motion of each particle, this motion being transferred from 
one to the other in a direction which is at right’‘angles to the 
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displacement, in very much the same way that the up and down 
motion of the bob on the strip spring shown in fig. 132, Chapter 
XIII, is at right angles to the direction of the recorder paper 
showing the wave motion. 

The different stages of the wave production in water are 
illustrated in fig. 212 (a), (b), and (c). 

Wavelength, Velocity and Frequency 

The distance between two following ripples gives the “ wave¬ 
length ” as defined in Chapter XVI, but we might equally well 
take the distance between two troughs or between positions 
midway between crests and troughs which is often selected in 
equivalent electrical measurements, where the ripple amplitude 
is zero. 

As the outermost visible ripple does not appear simultaneously 
with the fall of the body in the water, the wave must travel at 
a finite speed. We know, in fact, that the velocity of wave 
propagation through any medium depends on the square root of 
the ratio between the elasticity and the density of that medium. 
Suppose that a success ion of one hundred waves follow each 
other during the first second after the disturbing force is applied, 
then the distance which the first wave travels during one second 
will be one hundred times the length of one wave, and this is 
its speed of propagation. 

Hence if v represents the velocity, / the frequency, or number 
of waves per second, and A the length of each wave, the relation¬ 
ship between the three quantities is : 

r =/A. 

For electro-magnetic waves in free space the same relationship 
holds. In place of a water medium we have to substitute the 
ether, and for the force of a falling stone the electric force due 
to a sudden pulse of current in a conductor, that grows and dies 
away. Then the spread of the water ripples suggests the type 
of disturbance which takes j)lace in the ether surrounding the 
conductor when its equilibrium is altered, as occurs with every 
<;hange of the electrostatic and magnetic fields associated with 
the varying current, a proi)ortion of the energy of these fields 
breaking away entirely from the source of the disturbance and 
travelling outwards into space in the form of ether waves. 

It must be remarked, however, that while such analogies are 
useful for providing a mental picture of an involved process, they 
are liable to lead to false conclusions if too close a resemblance 
in operation is assumed. 

The velocity of electro-magnetic waves in free space is the 
same as the speed of light, namely, 186,000 miles per second, 
or, three hundred million metres per second. With this value as 
a known constant, the wavelength in free space can be calculated 
if the frequency of the radiated field is known, or, alternatively, 
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the frequency can be calculated if the wavelength in free space 
is known. 

Discovery of Ether Waves 

James Clerk Maxwell, in 1865, showed mathematicallv that 
energy stored in the dielectric surrounding a conductor, by the 
electric and magnetic fields of a varying current passing through 
the conductor, may be expected, under certain conditions, to 
separate entirely from the conductor and travel away through 
the dielectric as a wave of radiation. 

It was not until 1885 that it was established by Heinrich Hertz 
what these conditions were. The most essential requirement 
was an oscillatory circuit which encouraged radiation. He found 
that for best results the frequency of the current in the circuit 
should be that of its natural rate of oscillation, and that its 
electrostatic field should extend well into space. 

A circuit such as is shown in fig. 213 (a), having an air con¬ 
denser C, with plates of large area separated by a small distanec, 
which was charged from an induction eoil and then allowed to 
discharge at its natural frequency through the inductance L, 
across a spark-gap S, was found to be a poor radiator. When 
the plates of the condenser were opened out to an angle of 180°, 
as in fig. 213 (5), the electrostatic field extended well into the 
surrounding air dielectric, and any change in the field due to the 



Fio. 213. Hertz* experiments: (a) Poor radiator; (6) Good radiator; Hertz’ oscillator 

(c) Hertz* doublet. 
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condenser discharge across the spark-gap was detectable at 
a distance from the circuit. Hertz was then able to show by 
means of a simple form of resonant spark circuit that when an 
oscillatory current was flowing across the spark gap, the electro¬ 
magnetic field to which it gave rise was detectable by a spark 
in the resonant circuit at such a distance and under such con¬ 
ditions that could be accounted for only by radiation. This 
open type of condenser radiator is known as a Hertz oscillator.” 
A similar form of radiator, but one which is more convenient for 
basic electro-magnetic calcul^-tions employs two spheres of large 
linear dimensions compared with the rest of the circuit, fig. 
218 (c), in place of the ])latcs of large area. This is known as a 
‘‘ Hertz doublet.” 

In both these arrangements the capacity of the oscillating system 
is almost entirely located at the end surfaces, and the current 
distribution, accordingly, along the linear inductance has prac¬ 
tically a constant value. 

The Marconi Aerial 

Marconi’s early tests, in 1895, were directed to extending the 
range of radiation of the Hertz circuits with a view to devising 
by their means a new system of communication. 

lie found that the distance over which signals were detectable 
increased (1) with the height of the radiating conductor above 
ground, (2) when the Hertz oscillator-radiator was connected to 
ground at its mid-point, the receiving system being connected 
in a similar manner. 

This led inevitably to the extended vertical wire radiator with 
earth connection which became standard for use with all the 
early Marconi marine wireless apparatus. 

For the same oscillation frequency of the current in the radiator, 
or the same wavelength in space, the increase in height could be 
obtained only by distributing the capacity of the radiator as 
much as possible along its length, instead of concentrating it, 
and for maximum range this became a thin vertical wire. 

An increased length of vertical wire to obtain still greater 
height lowered the natural frequency of the radiator, so that 
during the early years of wireless development when the principal 
means of improving communication was to use more power and 
greater aerial height, there was a progressive increase in the 
wavelengths employed. 

Production of Ether Waves 

The first commercial type of wireless transmitter consisted of 
an induction coil for charging a special form of air condenser, 
a spark gap for discharging this condenser through the inductance 
of a high frequency circuit, together with the necessary tuning 
components. 

A long vertical wire called an “ aerial ” wire acted as the equi¬ 
valent of one plate of this air condenser, and the place of the other 
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plate was supplied by the earth. As the spark gap was large, the 
resistance of the circuit was comparatively high, and the damping 


great. In addition this type 
oscillatory circuit,” quickly los 



I E E 

Fig. 214. Distribution of Electrostatic 
Lines of Force round a Ciiarged Aerial. 

charge takes place. Before 1 


circuit, known as an “ open 
IS its oscillatory energy by radia¬ 
tion. It is, therefore, a good 
radiator but a poor storer of 
energy. 

Fig. 214 shows this method 
of producing electro-magnetic 
waves. AB is the aerial wire and 
EE Ihe earth. Some form of high 
voltage generator is connected 
across the spark gap BC. When 
the voltage of the aerial-earth 
condenser is sufficiently great to 
break down the insulation of the 
spark gap, an oscillatory dis- 
Kis discharge occurs the energy 


exists in the form of electro-static lines of force between the two 


halves of the condenser. Immediately the spark passes, this 
energy is converted into current energy in the aerial, and ether 
wave energy in the space sur¬ 
rounding the aerial. The wave 
energy consists of a travelling 
field of periodic electric strain 
(fig. 215 (a)), accompanied by 
a field of magnetic flux (fig. 

215 (5)), the two fields being at 
right angles to each other, and 
to the direction in which the 
waves are radiated. 

It is found that the wave 
length of this type of oscillatory 
circuit is between four, and four 
and a half times the length of 
the aerial, but as the decrement 
is large this method of exciting 
oscillations is now only used in 
certain special cases. 

Radiation of Energy from Simple 
Aerial 

The primary function of the 
aerial at the transmitting end is 
to enable the high-frequency cur¬ 
rents which are set up in it 
to radiate energy into the ether. 

The most simple type of aerial is shown in fig. 216(a). This 
consists of a vertical wire A B connected to earth through a 
high-frequency alternator or co il in which high-frequency currents 



ting from an earthed Oscillating Aerial. 
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are induced. In order to establish an elementary theory of such 
a system, let us imagine that when the high-frequency alternator 
charges the wire AB positively the earth is charged negatively 
and vice versa. Another arrangement is shown in fig. 216 (6), in 
which the earth is replaced by a wire CD 
analogous to AB. In this case the actual 
presence of an earth is not essential as the 
two wires AB and CD form two plates of a 
condenser. It is clear that the charge given 
to an aerial depends on its capacity. Now 
the capacity of such a combination depends 
on the surface of each conductor, if either of 
these conductors is made very small, the capa¬ 
city of the combination decreases and the 
amount of radiation possible also decreases. 

In either of the systems represented above 
the rapid reversals of the alternator voltage Fig. 216. Simple Aerial 

produce a rapidly changing current flow up I'reiJ^ency^Aitemal 
and down the wires, and the potential differ- tor 
ence between the wires also changes rapidly. 

This potential difference will set up a rapidly varying electric 
field, having its lines of force in the plane of the aerial system. 
Also, in view of the fact that the current in the system is chang¬ 
ing, a varying magnetic field will be set up having lines of force 
in a plane perpendicular to the wires. Now we know that any 
disturbance of an electric or magnetic field will travel through 
the ether with the velocity of light. If we consider the state of 

affairs at a point P (fig. 
217), situated at an ap¬ 
preciable distance from 
the oscillating aerial sys¬ 
tem, we shall see that at 
any time t a certain elec¬ 
trical intensity will be 
present at this point, and 
this intensity will either 
be increasing or decreas¬ 
ing according to the time 
at which we consider it. 

Let us take the case 
when the potential differ¬ 
ence between B and D is 
a maximum at time t = 
0 , and is on the point of 
decreasing. A very short 
time later, the potential between B and D has diminished. This 
diminution of potential will be accompanied by the partial collapse 
of the lines of electrical intensity. Due to the fact that variations 

in strain of the ether travel with the velocity of light, a time f ^ 
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shown, and this is in perspective.) 
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where d = distance of P from the aerial, and v = velocity of 
light, will be taken by the strain in the ether to travel from the 
aerial to P. Hence P will undergo changes in intensity corre¬ 
sponding to the changes in the potential between B and D but at 
a time t later than these potential changes. 

It is necessary to remember that a eertain density of energy 
is present at the point P for any electrical intensity and that 
for a maximum intensity at P the energy density must be a 
maximum. Just before this happens the potential difference 
of the aerial system will have begun to decrease and this will 
be followed by a return of energy from P to the aerial system. 
Before this energy has time to reach the aerial system, however, 



the potential difference of the latter will begin again to increase 
and to send out a further supply of energy. A eertain amount 
of energy will therefore be left at I^ and this energy cannot remain 
stationary but must move outward, since energy is continually 
being expelled from the aerial. An analogous reasoning applies 
to the case of the magnetic intensity. 

It will be seen from the above that an electromagnetic wave 
consisting of electric and magnetic intensities has been established 
at P, and will move outwards from the aerial system with the 
velocity of light. This oj)eration is indicated in fig. 218, which 
is an attempt to show the pulses of the radiating electric field 
in cross-section, while the magnetic field is limited to a perspective 
view in the equatorial plane. The directions of the electric and 
^magnetic components of the wave are at right angles to each 
other and to the direction of motion of the wave, and the variations 
of intensity of the components occur together, i.e. when the 
electric intensity is a maximum the magnetic intensity is a 
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maximum. The co-existence of both these intensities is necessary 
for the production of such a wave. If either of them disappears the 
wave also disappears. It follows as a necessary corollary to the 
above that the energies of the two fields must at all times, and at 
any point, be equal, for if they were different, the difference 
between the two could not exist by itself while moving in space. 
Furthermore, if we consider the time taken by the disturbance 
to travel any distance, we shall sec that the phase of the field 
will be different at each point. 

Such an aerial system gives rise to two components of both the 
magnetic and the electric fields, one of which surges backwards 
and forwards from the aerial, but never leaves it, and the other 
travels away from the aerial in all directions with the velocity 
of light. The first is known as the “ stationary ” or “induction ” 
field, and the second as the “radiation” field. The above 
explanation, though satisfactory and simple from certain points 
of view, is unsatisfactory inasmuch that it suggests two sets of 
fields round an aerial. Actually, at any point in space resultant 
fields exist, and the magnetic and electric fields both go through 
harmonic variations. Close to the aerial, these resultant fields 
are of intense amplitude relatively and arc in time quadrature. 
As the distance from the aerial increases, both fall off in intensity 
and the phase difference is diminished until at great distances 
the electric and magnetic fields are in phase. 

Polarisation of Wave 

The wavefront expands with increase of distance from the 
source, and at any instant the part which ultimately affects a 
receiving aerial placed in its path is only a minute fraction of the 
whole surface. 

This element of wavefront has the character of a plane surface 
across which lines of electric intensity constituting the electric 
field in one direction, are meshed with lines of magnetic flux 
constituting the magnetic field at right angles to the first-men¬ 
tioned direction, somewhat as indicated in fig. 219. 

At each instant another plane surface of this type, transverse 
to the direction of travel, passes the receiving aerial, the intensities 
of the succeeding electric and magnetic field elements concerned 
undergoing a harmonic variation imposed by the wave frequency, 
and if the vector of the electric field remains always in the same 
plane through the direction of propagation during its harmonic 
variation the wave is said to be “ plane polarised.” 

The direction of the polarization which it is said to possess is 
that of the electric field relative to the earth’s surface. The 
radiation from a vertical aerial in which the electric force is always 
in a vertical direction is therefore ‘‘ vertically plane polarized,” 
or “ normally ” polarized (see fig. 219 (a) ). In a similar way 
the radiation from a horizontal aerial is “ horizontally plane 
polarized.” 
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polarized wave, as frutii an aercjplaiic trailing aerial ; inclination 15"*. 


The radiation from the trailing aerial of an aeroplane, when it 
reaches the ground may have a })lane of polarisation which is 
inclined to the vertical plane through the direction of propagation. 
Under such conditions the w'ave is said to be “ abnormally ” 
polarised. 

Thus it may have a tilt of 45°, as indicated in fig. 219(fc). 

If the wave is also pinne polarised the electric force composing 
it w'ould then be resolvable into vertical and horizontal com¬ 
ponents in phase of equal v'alu(‘. The horizontal eomj)onent 
generates currents in the earth’s surface, so that as the wave 
proceeds only the vertical component may be expected to persist. 

Long Wave and Medium Wave radiation from an earthed 
aerial, which is vertically plane polarised wlicn it leaves the* 
transmitter, acquires gradually a forward tilt due to losses in the 
semi-conducting earth which cause the foot of the wave to lag, 
and Short Wave radiation from an unearthed aerial may jiroduce 
a wavefront at a distance which, due to rcllection in the upper 
atmosphere or other causes has a tilt and may be polarised in a 
very complex manner. 

The vector components of electric intensity—and necessarily 
also those of magnetic intensity—although of equal value may 
be 90° out of phase, when the resultant vector of electric intensity 
will not lie always in the same plane through the direction of 
propagation, but in the course of one wavelength will swing 
through all such planes at constant amplitude, thus describing 
a circle in the wavefront. The wave is then said to be 
“ circularly ” polarised. 

A more general case in long-distance short-wave working is 
that of the “ elliptically polarised ” wave, when the components 
are of unequal amplitude and out of phase. 
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Distribution of Current and Voltage in a Simple Aerial 

Referring back to fig. 216 (a), since the current at A represents 
the total current which goes to charge the rest of the wire up 
to B, it follows that the current at A must be a maximum and 
also that the current at B must be a minimum. Also, if we 
consider the alternator to possess negligible 
capacity, the voltage at A will be a minimum, 
and a maximum at B. This distribution of 
current and voltage can be applied to any type 
of aerial no matter whether it possesses a hori¬ 
zontal part or parts, or merely consists of a 
vertical wire. In the case of long or medium 
waves, in which the length of the aerial is in 
general very small compared with the wave¬ 
length of the radiation, it is necessary to 
“ load ” the aerial, i.e. to add inductance or 
capacity in order to fulfil the conditions given 
above for current and voltage distribution. If, f, 4 ^. 220 . Current and 
as is shown in fig. 220, only one node and Voltage Distribution 
one loop of current or voltage be present, i.e. if Simple Quarter- 
the aerial system has an “ effective ” length of "ave^eiia. 
one quarter of a wavelength, we shall obtain 
the condition usually present when the aerial 
circuit of an ordinary transmitter is ‘‘in tune,” 
but it must be realized that this is not the 
only way in which an aerial system can re¬ 
sonate. Further examples of arrangements, in 
which more complicated forms of resonance are 
employed, will be considered 
under the heading of directive 
aerial systems. 

For the present we shall 
consider the following special 
cases of simple aerial systems: 

(1) Simple aerial with loading 
inductance in series; (2) 

Simple aerial with condenser ^ ^ j 

in senes; (3) L aenal un- voltage Distribution 
loaded; (4) L aerial with in Simple Aerial 
loading inductance in series ; [oaded with Indue- 
(5) L aerial with condenser in 
series. 

1. Simple aerial with loading inductance 
in scries. 

If an inductance is placed in series with 
Fio. 222 . Current and the earth connection of the aerial (fig. 221), 

Voltage Distribution the natural wavelength of the loaded system 

with® Condenser tn increases. In this case, the aerial height 
Series. Will bc less than one quarter of the wave- 
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length, the eurrent through the incluetanee will be eonstant 
but the voltage over it will vary. The voltage at the base of 
the aerial wire will be mueh larger than in the case of the 
simple unloaded aerial. 

2. Simple aerial with condenser in series. Here the natural 
wavelength of the entire system is less than that of the aerial 
alone, and the aerial height will be more than one quarter of 
the wavelength. The distribution of current and voltage is 
shown in fig. 222. 

3. 4 and 5. L aerials. 

Cases 3, 4 and 5 are analogous to the simple aerial cases 
with the exception that the distribution of voltage and 
current varies over the entire aerial system and not over 
the vertical wire alone. Voltage and current distribution 
for these aerials are given in fig. 223. 

The Dipole Aerial 

Power and aerial height have economic limits and, about 1921, 
it was discovered by a number of observers that certain unstable 
conditions of the atmosphere would occasionally allow a spasmodic 
communication to be established over phenomenal distances by 
short wave, with low power and unearthed aerials having little 
height above ground, distances which could be achieved only 
by the use of great energy and height on long wave. 

The short wave aerial which then came into use for long¬ 
distance transmission retained the distributed capacity form of 
the wire aerial found best by Marconi, but it was double-ended 
like the two capacity areas of a Hertz oscillator, the position 
of maximum current being at its centre. 

This is called a “ dipole ” aerial. 

A study of short-wave propagation in time resulted in the 
removal of many of the difficulties in the way of its commercial 
application, and short waves from about 18 metres to 60 metres, 
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employing dipole aerials, are now in standard use for long¬ 
distance marine communication. 


Excitation of Dipole Aerials 

Examples of dipole aerials used in practice are shown in figs. 
224-227. 

In 224 (a) the aerial is ^ long and 
fig. 225. I -\-V is made equal to 
When properly tuned by 

means of the condensers Ci and 
C 2 the voltage and current 
distribution will be as shown in 
fig. 224 (a). Currents at corres¬ 
ponding points in l\ V should 
be the same and can be checked 
by ammeters inserted in these two 
limbs. 

In fig, 225 current feed is used, 
i.e. current is fed into the centre 
of the aerial. 

In fig. 22G what is known as 
voltage feed is employed. This 
means that the feeding point is situated at a part of the aerial 

where voltage is a maximum. The length XY is equal to 

and C should be of the order of 50 to 100 micro-microfarads. 

These two arrangements illustrate the tuned method of feeding 
the dipole aerial by ‘‘ resonant ” lines. As an alternative “ non- 
rcsonant ” lines may be used if the “ line impedance ” of the 
feeder is projierly ‘‘ matched ” to that of the aerial. 

To obtain this condition there must be no reflection of current 
at those points where the feeder lines join the aerial. 

Energy will then be dissipated or absorbed by the aerial at the 
same rate as it is supplied by the feeder. It follows that the 


is fed with energy as shown in 



Fio. 221. Current and Voltage Distri¬ 
bution in Dipoles. ' 




Fio. 226. Voltage Feed of Dipoles. 


Fig. 225. Method of Feeding Full 
Wave Dipole. 
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part of the aerial Za across which the feeder is connected becomes 
a “ terminal impedance ” to the feeder, and must have the same 
“ surge impedance.” 

The surge impedance for “ open ” lines is given by— 

Z„ = 276 log,„ 

r 

where d is the distance between the wire centres, and r is the 
radius of the wire. 

A common value for aerial feeders is 600 ws. 

The impedanee of a JA aerial at its eentre where the current 
is a maximum is alioiit 80ws., and at the ends where the eurrent 

is a minimum about 5,000 ws., 
so that ta])ping ])oints ecpiidis- 
tant from the eentre ean be 
found between whieli the im¬ 
pedanee is 600 ws., and it is at 
these points that the feeder is 
eonnccted. 

A “ Y ” tap eou])ling of this 
type, for a thin straight wire 
dipole of usual length 0.17 A, and 
at a height of more than \ A above 
ground, is shown in fig. 227. 

The ta])])ing points A and li, 
for an impedanee of 600 ws., arc 
0.125 A apart, the diverging leads 
(‘onneeted to the feeder are 0.15 A 
in length, and the feeder is at 
riglit angles to the aerial. 

In practice it is usual to start with the taps close together 
and then separate them by degrees until those points are found 
at which all trace of standing waves in the feeder disappear ; 
an inductively coupled ammeter which can be mo\ cd along the 
feeder being used for this purpose. 

Further notes on the use of dipole aerials on board ship arc 
given in Chapter XXVI. 

Phased Aerials 

A possible form of excitation of an aerial, at a frequency much 
higher than its natural frequency is shown in fig. 228 . 

Now if we consider the intensity at a point P (far removed 
from the aerial) due to two adjacent parts of the aerial A and B, 
in one of which, at a particular instant, a positive E.M.F. exists, 
and in the other of which a negative E.M.F. exists, this intensity 
will be the sum of the intensities due to equal and opposite 
potentials on the aerial. The total intensity at P will therefore 
be very small and in the particular case under discussion will 
be merely due to a small portion of the positive intensity at C, 
since all the other E.M.F.’s will cancel out. 
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To overcome this difficulty, therefore, means are taken to 
make all the radiating parts of the aerial have potentials of the 
same sign. To achieve this result each alternate section which 
should have a potential of opposite sign is made non-radiat¬ 
ing, as is shown in fig. 229. 

The non-radiating portions may be composed of inductances 

or a system of re-entrant loops. 

Such methods are employed 
in “ beam ” aerial systems, par¬ 
ticulars of which will be given 
later. 

Radiation of Energy from 
an Aerial 

The accurate calculation of the 
power radiated from an aerial 
in terms of the constants of the 
system is very complicated, and 
cannot be given here. As a 
rough approximation, however, 
we can say that the power, 
W, radiated from an aerial, is 
proportional to the square of 
the current at the base of the aerial Ia, multiplied by the 
sqifare of the effective height of the aerial, A, and divided by 

the square of the wavelength, X; or W oc ^ 



Fio. 228. A “ Harmonic ” Aerial. 


What is of more practical importance, however, is to be able 
to calculate the current induced in the receiving aerial by the 


current in the transmitting aerial, and this 
will be considered later in the chapter. 

Radiation Resistance 

Any aerial absorbs a certain amount of power 
from the alternator or other generator of high- 
frequency currents. Some of this power is 
radiated in the form of electro-magnetic waves, 
while the rest is consumed in various ways 
and represents a dead loss so far as the efii- 
ciency of the system is concerned. 

It is found to be most convenient to assume 
the power expended in the aerial system as 
expended by the current flowing through an 
“ effective resistance.” This effective resistance 
is made up of two parts, “ radiation resist¬ 
ance ” and “ loss resistance,” i.e. we may write 
W = U*Rt + Ia'Rl 
where Ia is the aerial current 

Rt is the radiation resistance and 
Rl is the loss resistance. 



Fig. 229. A “Phased*' 
Aerial. 
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The radiation resistance of an aerial is therefore defined as 
the imaginary resistance, the value of which is such as will absorb 
the same power as is radiated for the same current flowing in the 
aerial. 

The radiation resistance of an aerial is used as a measure of 
the radiation power of the aerial. A high radiation resistance 
indicates a good radiator and vice versa. 

But as pointed out the radiation resistance is not the only type 
of resistance present in the aerial; it may be augmented by (a) re¬ 
sistance due to bad insulation ; (b) resistance due to eddy currents; 
(c) conductivity resistance. Of these, the conductivity resistance 
is generally least, and the radiation resistance forms the only 
useful part. 


Allocadon of Wavelengths and Frequencies 

To reduce the interference likely to arise through the use of 
a common medium for the wireless communication services of 
an exceedingly large number of independent authorities, an 
international committee has by agreement allocated the whole 
spectrum of wavelengths and frequencies which it is ))racticable 
to use, from 30,000 to below 10 metres, or 10 to above 30,000 kilo¬ 
cycles, by specific band-widths for definite services, and these 
band-widths in turn are divided between the States of the world 
for use by their respective organisations. 

The arbitrary group divisions and the allocations so far as they 
apply to the wireless service of the Mercantile Marine, laid down 
in the General Regulations issued by the International Radio 
Telegraph Convention held at Cairo in 1938, are as follows :— 


Group 
Long Wave 

Medium Wave 


Wavelength, 

Metres 

1,887-2,727 


Frequency, 
Kilocycles sec. 
159 no 


Allocation 


Telegraph. Ocean¬ 
going craft. 
Telegraph. Ocean¬ 
going craft. 
Telegraph. Small 
craft. 


(300, G19, 70G, 500, 1G2, 425, 

800 375 

197.4, 198.7, 1,520, 1,510, 

GOO, 649, 706, 500, 4G2, 425, 

800 375 

134.8, 140.5, 2,225, 2,135, 

149.1, 181.8 2,012, 1,650 

Short Wave 18.01-18.23, 16,660-16,460, 

24-24.31, 12,500-12,340, 

27.03-27.20, 11,100-11,030, 

36.01-36.45 8,330-8,280 

48-48.62, 6,250-6,170, 

54.05-54.55 5,550-5,500 

Several types of marine receivers cover a wider range of wave¬ 
lengths than is required to meet the needs of the bands allocated 
for marine transmission. This is because they are also required 
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to respond to the special shore to ship services, such as the long¬ 
wave Press news from Rugby, broadcasting and short-wave 
telephony. 

Practical Points in Aerial Design 

The use of as small a loading inductance as possible is ad¬ 
vantageous, as the larger the loading inductance, the smaller 
will be the radiating part of the aerial for a given wavelength. 
Apart from this, the less loading used, the smaller will be the 
voltage at the aerial end of the inductance, and therefore the less 
the losses due to leakage over the surface of the A.T.I. and 
“lead-in” insulators. 

As regards the loss of efficiency due to resistance arising 
from bad insulation, it is preferable in this respect to use a single 
wire aerial instead of a double wire aerial, as its insulation is 
nearly twice as good because the number of exposed insulators 
in parallel is halved. 

The ohmic resistance of the aerial may be made as low as 
desired by the use of suitable wire. The effective height of 
the aerial is, of course, very important as we have said above 
that the power radiated from the aerial depends on the square of 
its height. By the “ effective height ” is meant that height which, 
if substituted in the formula for power radiation would give 
the correct value for this power. In the general case it is pro¬ 
portional roughly to the actual height of the aerial but is always 
smaller, a rough value being .6A, where h is the actual height. 

Receiving Aerials 

If we consider the aerial as a receiver, it will be seen that 
different considerations apply. The higher the receiving aerial, the 
greater is the electric intensity set up in it by the incoming waves. 

All receivers are operated by the change in difference of poten¬ 
tial between two points, these two points being generally the 
two ends of the loading inductance across which a tuning con¬ 
denser is ordinarily placed, thus constituting in the case considered 
a parallel resonant circuit. The voltage across this circuit is then 
applied, cither to the grid of the input valve of the receiver, or to 
the crystal in the case of a crystal receiver. 

Tuning a receiving circuit is accomplished by adjusting the 
constants of the circuits in such a manner that the system 
absorbs the maximum amount of energy. Once this has been 
done, all that is necessary is to transfer the largest possible part 
of this energy to the detector. 

In the receiving aerial we are not so much troubled by eddy 
current losses or considerations of radiation resistance, etc., as 
we are by questions of good conductivity and efficient insulation. 

Types of Aerials 

We have considered so far only those types of aerials which 
are either longer or shorter than the wavelengths they are designed 
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to receive, and which are “ tuned ” to the incoming waves by 
means of suitable systems of inductance and capacity. 

These aerials are the type almost exclusively used on board ship. 

Ships’ Aerials 

All modern marine aerials are made of either silicon bronze or 
cadmium bronze wire, the shorter aerials being constructed of 
7/16 silicon bronze wire, and very long aerials of 19/.052 cadmium 
bronze wire. 

Ships’ aerials are of three kinds, that is they are either straight 



nearly vertical wires—which is only possible when the aerial is 
short and is therefore practically restricted to short wave use— 
or they have the shape of the letter T (fig. 280 (a)) or the shape of 
an inverted L (fig. 280 (d)). 

In the illustration twin wires are shown. This type of multiple 
wire aerial, which at one time was fairly common, is now seldom 
used. The aerials are single wires except on very small ships 
which are required to work on 600 metres. 

The T type is preferred for the equality of range all round 
attained by its use, while the L type is preferred for its greater 
adaptability in erection. The size of tne aerial is limited by 
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such considerations as the height and distance separating the 
ship’s masts and the type of aerial is chosen in accordance with 
its suitability to the position of the operating cabin, ship’s 
funnel, stays, etc. On the majority of ships the whole distance 
between the masts may be utilized for the aerial, because 
the natural wavelength of such an aerial is still less than that 
of the GOO-metre wave used in agreement witli the regulations of the 
International Convention. For short wave use the aerial must 
almost invariably have its capacity decreased by means of a 
condenser in series, and this lessens the radiative power of the 
apparatus. 

As already stated, the natural wavelength of a ship’s aerial is 
between four and five times its length, or 1.5 times its length in 
feet may be used as a rough rule to find the approximate natural 
wavelength in metres. It will be seen, therefore, that where the 
length of the aerial is considerably less than 200 feet the addition 
of a condenser in series for the short-medium waves is unnecessary. 
In the case of the larger liners, the distance between the two 
masts is so great that a eertain amount of insulated wire cable 
has to be used at the ends of the horizontal span, otherwise a 
series condenser would be necessary even when working on the 
GOO-metre band. 

The run of the aerial must be arranged relative to the funnel 
so that it is carried well away from the discharge of smoke and 
fumes from the funnel. 

Where the masts are high, the funnel lower, and the wireless 
cabin is sit\iated forward of the funnel, a “ T ’’ aerial may be 
advantageously fitted, but under any other circumstances the 
inverted “ L ” aerial is generally found to be more convenient. 

Ships operating on tlie G00/800 metres and 1,875/2,400 metres 



Fig. 231. —Single wire, “ I/* type Ships* Aerial for medium and long wave. 
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bands almost invariably use an “ L ” aerial as shown in fig. 231. 
Small craft operating on 600/800 and 100/200 metres usually 
employ a T ” aerial as shown in fig. 232. 

On large passenger vessels the following considerations apply ;— 

(a) Heavy wire aerials are used. 

(b) Greater aerial-insulation required. 

(c) The long and medium wave transmitters are designed 
to operate on one aerial. With wavelengths of 600/800 
metres employing a series condenser, and on 1,875/2.400 
metres working direct on to the same aerial, the series 
condenser being shorted. 

(d) Alternatively, the main aerial is fitted as in (c) between 
the masts, but an emergency aerial is also supplied, and 
change-over switches are used to transfer the transmitters 
from one aerial to the other. 
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An illustration of the aerial equipment on a single-masted 
vessel of large size is provided by the Orion and Orcades class, as 
shown in fig. 233. A twin wire aerial stretches from the top of 
the funnel to the mast and from the mast to the aerial lead-in. 

The distance from funnel to the point of suspension at the 
mast is 160 feet, and from point of suspension at the mast to the 
wireless lead-in 150 feet. The height of the point of suspension 
on the mast is 153 feet above the water line. 

A separate single-wire emergency aerial is run from the lead-in 
direct to the funnel—measuring 112 feet. 

No aerial should have any down lead nearer to the D.F. (Di- 
^rection Finder) frame than 12 feet, preferably it should be 16 



Fig. 231. Types of Ships’ Insulators. 

feet distant. All aerials on ships over 5,000 tons fitted with D.F.’s 
should have provision for isolating the aerial when the D.F, 
reading is being taken. 

Long and Short Waves 

Short wave is operated normally on the long wave aerial, using 
a 0.00035 variable series condenser. 

When big ships are fitted with separate emergency aerial as 
well as long wave aerial, the normal procedure is to operate the 
S.W. transmitter on the main aerial with series condenser, and 
the S.W. receiver on the emergency aerial. In this way a diplex 
service can be operated. 

Lifeboat Aerials 

In the case of lifeboat sets, triangular single-wire aerials are 
fitted of such dimensions as to give the stipulated aerial height x 
aerial current ratio of 10 metre-amps. 
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Strain Insulators 

The aerial must be thoroughly insulated from the ship, and 
the insulators described below, which are manufactured by the 
Marconi and Radio Communication Cos., are used for this purpose. 


Reel Insulators, Type 124B 

The photograph at A (fig. 234) shows an insulator of this type 
employing eight reels. The reels are connected by galvanized 

iron strips and rods, pins and 
bolts, and all the ties are ar¬ 
ranged so that the porcelain 
is always in compression when 
under stress. The eight-reel 
insulator is designed for use 
with aerials on large vessels 
employing transmitters of 
^ kw. to 2 kw. power, and is 
split into two giving four-reel 
insulator type 15()B for trans¬ 
mitters under | kw. power. 

In certain cases, such, as 
when used on lifeboats and 
small craft, a two-reel insula¬ 
tor of the same type is em¬ 
ployed. 



Fio. 235. A “ Shell ” Suspension Insulator. 


Shell Insulators, Type 256 

The shell insulator is illustrated in fig. 235, and is similar 
to that used on a small scale for amateur broadcast aerials. For 
the fore aerial insulator four of them are strung together by steel 
wire, and for the aft aerial insulator a string of six is used. Two 
more insulators are used aft than fore on account of the smoke 
which tends to accumulate on the aft insulator and reduce its 
insulating properties. 


Rod Insulators, Type 211 

The rod insulator illustrated in fig. 234, at B, can be used for 
supporting small aerials, but is chielly employed for staying off 
purposes. 

Aerial Lead'-in Insulators 

The following insulators are designed for lead-in purposes. 

Type 85 

This insulator is illustrated in fig. 234, at C, and consists of 
a porcelain dome with a brass lead-in tube mounted in the centre. 
Tlie base of the dome is clamped to the deck by means of coach 
screws and an iron flange, and the insulator is protected and 
made watertight by means of two rubber washers, the lower 
one of which can be seen in the photograph. 
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Type 210 

This insulator is shown in fig. 234, at D, and comprises a cylin¬ 
drical porcelain tube fitted with a flange and a copper conical 
shield which protects the por¬ 
celain from moisture, and 
through the centre of which 
passes the lead-in conductor. 

The construction will be 
evident from the photograph. 

Type 318 

This insulator—illustrated 
in fig. 284, at E—is fitted on 
Marconi lifeboat installations 
and consists of a hollow coni¬ 
cal porcelain pot which is 
clamped to the deck by an 
iron flange, and fitted with 
lead-in conductor and flexible 
connection to the lifeboat set. 

TypeCPSieS 

This insulator is shown in 
fig. 234, at F, and is fitted in 
conjunction with Radio Com¬ 
munication Company’s life¬ 
boat sets. In principle it is 
similar to those previously 
described, though of a more 
elaborate structure. 

Marconi ^ 1| 2 kw. Aerial Lead-*in Insulator 

A lead-in insulator, largely used on modern installations, is 
shown in fig. 236. It is completely of porcelain without a joint, 
having moulded porcelain petticoats, a brass rod down its centre, 
a metal spray shield, and brass nuts at the top and bottom. 

Aerial Trunks 

In cases where the operating-room is below the top deck, it is 
sometimes necessary to provide an aerial trunk ” to carry the 
aerial through the intervening decks. Fig. 237 shows such an 
arrangement. T is a wooden or metal trunk which must not be 
less than 10 inches across, DD being two decks between which 
the trunk is fixed. A separate lead-in insulator with stuffing- 
box is fitted through each deck, as shown at L, L. The lower one, 
of course, does not need a protecting cone. A threaded metal 
tube, B, is used to connect the metal rods of the two insulators, 
this being preferred to cable, as there is no possibility of slack 
taking place and contact being made with the inside of the trunk. 
Doors are let in the side of the trunk in order that the insulators 
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may be accessible for inspection. 
It is also occasionally found 
necessary to use such a trunk 
where the aerial has to be carried 
through an awning. 

Fitting of Aerial 

Having decided which type of 
aerial is to be installed, it becomes 
necessary to obtain the exact 
measurement of the distance 
between the masts, and the dis¬ 
tance between the top of the 
wireless cabin and the middle of 
the horizontal span if a T aerial 
is to be used, or the distance 
between the top of the wireless 
cabin and the mast-head if an 
L aerial is to be used. These 
details may be obtained from 
the builders’ rigging-plan or by 
actual measurement. The dis¬ 
tance between the masts, less 
5 per cent, for the stretching of 
the wire and 14 feet allowance 
Fio. 237. Aerial Trunk Insulator. for the space taken Up by the 

bridles, if a twin aerial is fitted, 
should then be marked out on the deck. If an L aerial is to 
be used, a further 3 feet must be deducted to allow for the insu¬ 
lators at the free end. From the centre point of this marked 
distance, the distance between the top of the wireless cabin 
and the centre of the horizontal span may be marked off in either 
direction for a T aerial. Then two lengths of wire are required 
equal to the length from either end to the centre point; and two 
lengths equal to the length from one end to the centre, plus the 
distance from the centre to the point showing the distance from 
the horizontal lead to the wireless cabin, for a T aerial. For 
a twin L aerial two lengths are required, each equal to the total 
horizontal span plus the distance from the mast-head to the cabin. 

For a twin T aerial the following illustration (fig. 238) may be 
helpful: 


A . D C B 


Fio. 238. Me^isurements for “ T ” Aerial. 

AB represents the distance between the masts less 5 per cent, 
and 14 feet. C is the centre point. CD represents the distance 
between the centre of the horizontal span and the top of the 
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wireless cabin. Then the following wires are required : Two 
equal to AC and two equal to BD. 

For a twin L aerial, fig. 239 illustrates the method : 


A c B 


Fio. 239. Measurements for “ L ” Aerial. 

AB represents the horizontal distance as before, less an additional 
3 feet. AC represents the distance between the mast-head and 
the top of the wireless cabin. Then the following wires are 
required : Two equal to AB plus AC. 

In making the measurement between the lead-in insulator and 
the horizontal span, in either case allowance must be made for any 
extra length required for the staying off of the aerial from parts 
of the rigging, etc. As the ends of the wires have to be seized 
round thimbles an allowance of, say, 6 inches, must also be made 



for each thimble. Fig. 240 shows how and where the thimbles 
should be fitted in the case of the T aerial. One end of the longer 
pieces is taken round a 1^-in. heart thimble and seized with No. 
20 soft copper wire, the seizing being afterwards soldered as 
shown at A. At the point B, about 4 inches from the point 
corresponding to C in fig. 240, another heart thimble is seized, 
a third one being fixed at the point C. A similar thimble 
is seized at one end of one of the shorter lengths D, and 
another one about 4 inches from the other end, E. The remaining 
end, F, of the shorter length is seized and soldered to the longer 
len^h at F. The three thimbles, B, C and E, are connected 
together by means of three galvanized iron shackles. It is thus 
seen that all strain is taken off the joint. The free ends of the 
T aerial are shackled to the iron rings on the spreaders, the ends 
of the bridle being also shackled to these rings. Care must, of 
course, be taken that the wires are taken outside all rigging 
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before being connected to the spreader. The halyards are made fast 
to the shackles at the bights of the bridles and then pass through 
the blocks at each mast-head. When all the connections have been 
made the aerial may be hauled aloft, and if the operations have 
been carefully carried out it will be seen that the two parts are 
symmetrically disposed. Strain rod insulators attached to guy 
ropes may then be connected to suitable points on the down 
leads, and the lower ends of the guys made fast to some part 
of the deck, in such a manner that the down leads are kept clear 
of any obstruction. 

Whenever a length of the aerial is running parallel to steel 
guys, care should be taken that the lattei* are insulated from the 
ironwork of the ship, otherwise considerable losses will ensue 
on account of induction. 

After the aerial has been hauled aloft and the down leads 
stayed, the loose ends of the latter may be cut to the final required 
length and connected to the brass terminal of the lead-in insulator. 
The aerial wire between the points at which the insulated guys 
are attached and the lead-in insulator should hang slack—but in 
such a manner that there is no risk of it making contact with 
any part of the ship in swinging—in order that no strain may 
be put on the insulator itself. 

Screened lead fitting to Receiving Aerial 

A subsidiary aerial for receiving purposes is sometimes used 
with a special screened lead connection to the receiver to reduce 
background noise from the ships’ electrical equipment. This is 
described in detail in Chapter XXV. 

Values of Aerial Inductance, Capacity and Resistance 

A few rules are given below which enable us to obtain the 
electrical constants of an aerial in terms of its geometrical 
constants. 

If L and C denote the equivalent self-inductance and self¬ 
capacity of an aerial, then the natural wavelength of the unloaded 
aerial will be 

X = 2 7c u \/L C 

where v = velocity of propagation of waves. 

The inductance of an L aerial is given by 

4,h 

L = 0.002/ [loge ^ - p -f- (JL S], when 2h < I 

and L = 0.002/ [loge ~ <P + when 2/i > / 

where p <p and S are constants 

h = height in cms. above ground of horizontal portion. 

/ == length of wire in cms. 
d =5 diameter of wire in cms. 
p. =3t permeability of wire. 
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The capacity of the aerial is roughly 


C = 


.5561 

07 

Loge ] - 0.309 
a 


(X[xfds. 


For a multiple wire horizontal aerial 

C= ^ ^^-El 2r ‘ [AlAfds./ft. span 

« \^og^ ^ - 0.31 2 j + j ^ 

Where 

n = number of wires in span, 
r = distance apart of wires in cms. 

B = function of n. 

E = „ „ 1/2/7. 

For a tabulated list of the functions given above and for other 
formulae, reference should be made to some such book as 
“ Standard Tables and Equations in Radio Telegraphy,” by 
Bertram Hoyle. 


Distribution of the Energy Radiated from a Transmitting Aerial 

If we consider the radiation from a Hertz doublet, fig. 213 (c) 
or from a dipole aerial, fig. 224 (a), in the equatorial plane, or 
the radiation along the earth’s surface from an earthed vertical 

A aerial, fig. 215, it is clear that the field strengths should be 
the same at an equal rad. us in all directions. 

The polar diagrams in the equatorial, azimuthal or horizontal 
planes of the three types of radiator are therefore circles, as 
shown in fig. 241 (a^), (b^) and (c^). | 
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In the axial, zenithal or vertical planes of the same radiators, 
however, conditions are dissimilar. 

The distribution of charge along the axis of a Hertz doublet 
having concentrated end capacity is uniform, and the field strength 
is therefore a maximum in the equatorial plane but falls off with 
increase of angle, 0, to this plane according to a cosine law, 
until it reaches zero at the zenith. The zenithal polar diagram 
is therefore a figure of.eight, see fig. 241 (a). 

The distribution of charge along a half-wave dipole aerial, on 
the other hand, is greatest at the centre and follows a simple 
cosine law, as it falls to zero at either end, and as radiation is 
proportional to the square of the current the polar diagram in 
the axial plane is then as shown in fig. 241 (b), the field strength 
being proportional to the cube of the cosine of the angle 0, to 
the equatorial plane. 

As regards the earthed J A vertical aerial, if we can assume 
that the earth is a good conductor, the polar diagram in the 
zenithal plane will be equivalent to half the equivalent diagram 
of a J A dipole, see fig. 241 (c), the earth acting as a reflector, and 
providing an image aerial the current in which would represent 
that in the other half dipole. 

Directional Effects of Aerials 

The simple vertical aerial radiates or receives equally well 
in all directions. T and L aerials have a small directional effect 
and radiate or receive best in the direction of their horizontal 
branch. Unless the ratio of horizontal to vertical length is 
large, the effect is but slight, however, and this type of aerial 
is now seldom used when directional transmission or reception 
is needed. 

The Frame Aerial 

For directional reception, the most simple form of aerial is the 
frame. This consists of a conductor in the form of a loop of one 
or many turns which may be closed on itself by a condenser when 
it is periodic, or without a condenser when it behaves in an 
aperiodic manner. As such a frame receives signals by virtue 
of the difference in E.M.F. set up aeross its terminals by the 
incoming radiation cutting its vertical limbs at different phases, 
it is obvious that the intensity of reception will be a maximum 
when the plane of the frame is in the direction of the incoming 
signal, and a minimum when the plane of the frame is at right 
angles to the direction of the signal. If we plot signal strengths 
against the angle between the frame and signal bearing, we shall 
obtain a polar diagram as shown in fig. 242, where : 

E = intensity of signaj 

and 0 = angle between frame and signal direction, 
and the relation between the intensity of signal E received when 
the frame is at an angle 6 to the direction of the signal, to that 
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received when the plane of the frame is in the direction of the 
signal (Etmax) is found from E = Emaar cos 0. 

This property of the frame aerial is utilized extensively in 
direction finding reception, and a full account of receivers using 
frame aerials will be found in Chapter XXVII 
dealing with direction finders. 

The use of the frame aerial as a radiator has 
been discussed by Dr. Smith-Rose* in connec¬ 
tion with radio beacons. He shows that if a 
single turn square frame of side a be used as a 
radiator, the equation connecting the magnetic 
intensity H, at the receiver distant d from the 
frame, with the azimuthal angle and the 
zenithal angle is 

Hi = ^ '\/(cos^ a 4“ sin^ a sin^ P) 

which in the case of signals in the horizontal 

plane only (/3 = O) reduces to Hi cos a an fio. 242. Polar Dia- 

d gram of “ Frame” 

analogous equation to that found for the Aerial Reception, 
frame as receiver. 

The frame does not, however, form an efficient radiator, and 
of late years many systems of directional aerials have been devised, 
some for use with short waves, and some with long. 

Dipole Aerial Arrays 

Directional Transmitting Aerials as used today are mainly of 
the Short Wave type. 

They are based on the principle that the dispersal of the aerial 
current among a number of radiators causes interference effects 
which weaken the radiation in some directions and strengthen it 
in others. The aerial is built up of a number of dipoles, the 
centres of which are usually separated by a distance of J A, and 
the dipoles are usually excited in phase. 

The assembly is called an “ aerial array ” ; a “ broadside ” 
array if the maximum radiation occurs at right angles to the 
plane of the array, or an “ end ” array if the maximum radiation- 
occurs in the [danc of the array. A variation of the broadside 
array is the “ stacked ” array, when the component dipoles are 
horizontal but sup])orted one above the other in the vertical plane. 

An approximate method for the construction of multiple dipole 
polar diagrams which applies when the distance between the 
transmitting and receiving aerials is great enough for the rays 
from the dipoles to be practically parallel, is as follows :— 

Let A and B, rig. 243 (a), be two dipoles, which, for convenience 
in considering tlie resultant radiation an* > iewed end on, and 

* ” A Theoretical Discussion of Various Possible Aerial Arrangements for 
Rotating Beacon Transmitters.” R. L. Smith-Rose, D.Sc., PhuD., p. 270, 
Jour. Vol. 66. 1927-28. 
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spaced a distance apart of x A. The polar diagram in the 
equatorial plane of each of these dipoles taken separately, is a 
circle. If they are excited in phase, tne radiations in the direction 
Aa and Bb normal to the “ line of the array ” AB, at a very distant 
point P, will be in phase. In any other direction, however, such 
as Aa' and Bb' at an angle 6, to the normal, the radiation from 
A to a distant point P' has to travel Ar wavelengths further 
than the radiation from B. 

From the construction— 

Ar = AB sin 6 ~ x X sin 9. 

As each complete wavelength passes through a complete phase 



change of 360® or 2 tt, the angle of phase difference 9 , between 
the two radiations Aa' and Bb' is therefore given by— 

9 ~ 2tzx sin 6. 

The radiation intensity from A at a great distance is practically 
equal to that from B, but they differ in phase at the point P' by 
the phase angle 9 . If we can assume that they are equal we can 
show this relation by means of vectors to find the resultant 
intensity of the field at the point P'. 

This is done in fig. 243 (b), where Oe and Oe' represent the two 
field intensities at any point P, separated by the phase angle 9 , 
whieh produce a resultant field OP at a phase angle 9/2 with 
either of its components. But OP = 2 OQ, and because Oe =*. Oe', 
the angle OQe is a right angle, and OQ = e cos 9 / 2 . Then the 
expression for the resultant field at the point P, is given by— 

E = 2 e cos 9 / 2 . 

This formula applied to two excited dipoles, when separated 
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by produces a figure of eight polar diagram as shown in fig. 
244 (a). 

Suppose we have a third dipole in the array, then the resultant 
field intensity *is obtained by the vector sum of the extra field 
intensity with its circular polar diagram, and the figure of eight 
resultant field of the two dipoles at their mean distance from the 
third dipole ; four dipoles can be treated as two pairs, the two 
resultants being added vectorially at their mean spacing of 1 A, as 
compared with the J A spacing between the individual dipoles. Polar 
diagrams for other aerial arrays are also shown in this drawing. 



Fio. 244, Polar diagrams in equatorial plane of (a) Two dipole spaced J X ; (b) Two dipole 
spaced 1 \ ; (c) Two dipole spaced 2 X ; (d) Four dipoles, 1X spacing. 
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Thus fig. 244 (6) demonstrates that two dipoles spaced 1 A 
apart, and excited in phase produce a four lobe diagram, with 
minimum field strength at 30° to the normal of the array; fig. 244 (c) 
shows that under similar conditions of excitation tw6 dipoles spaced 
2 A apart produce an eight lobe diagram, with minimum field 
strength at angles of 14° 30 and 46° 10 to the normal to the 
array ; and by increasing the number of dipoles to four, spaced 



Fio. 245. Kadiation interf^Tencc pattern from 
two dipoles spaced 2 \ apart. 

i ^ ^P^rt, a polar diagram of six lobes as shown in fig. 244 (d) is 
obtained, the field strength being at its greatest in the direction 
noraal to the array, and at a minimum >it 30° and 90° thereto. 

It will.be noted that the total number of lobes corresponds to the 
number of J A*s of spacing between the outer dipoles of the array. 

The Radiation Interference Pattern 

A clearer idea of the meaning of these short wave polar 
diagrams which apply at a distance, can be obtained by the study 
of the resultant phase conditions near the transmitter caused by 
the overlapping of the radiation fields. 

An examination of fig. 244 (c) from this point of view is shown 
in fig. 245. Two dipoles separated a distance of 2 A and oscil¬ 
lating in phase, are viewed end on, and the diagram shows 
the resultant phase conditions in the radiation from the two 
sources in the equatorial plane. 

The change of 180° in phase of each succeeding half-wave 
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pulse is shown by a change in the cross-hatching, so that where 
the pross-hatchings are in the same direction and overlap, the 
radiation fields must have the same phase and add, ana they 
have therefore been shown in black ; where the cross-hatchings 
are in opposite directions and overlap, thus producing a character¬ 
istic double cross-hatch, the radiations oppose and their fields 
subtract. Whether they cancel out completely or not depends 
on the relative strengths of the two radiations and therefore on the 
relative distances in wavelengths of the separate dipole sources 
from the point considered. Outside these regions the single 



Fio. 240. Radiation interference pattern from 
two dipoles, A and C, spaced ^ \ , A being 
excited directly, and C by induction from A. 

cross-hatched areas, where there is no overlap, indicate the gradual 
change in space phase which brings about the transition of field 
strength from maximum to zero. 

The transverse characteristics of each lobe shown in fig. 244 (c) 
are seen to consist in fig. 245, of radiation fields in opposition 
where the divisions between the lobes occur ; fields in phase 
at the angles of maximum lobe amplitude, and with the radiation 
fields 90° out of phase at intermediate angles. Such diagrams, 
of course, are qualitative only, not quantitative. 

Reflector Aerial Arrays 

Suppose we haA’^e two dipoles A and C, fig. 246, spaced J A apart, 
and A is excited directly, but C owes its excitation to induction 
from A. Then when the electric field extends to C, C has a 
current induced in it which is 90° out of phase with the 
incident radiation and with its own outgoing radiation field, 
which arrives back at A at the moment that the current in A 
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commences to reverse in phase. 
Thereafter the two fields keep 
in step as they expand in the 
direction CA, but remain out 
of step 180° in the direction AC. 
It is on this principle that re¬ 
flector aerials operate. There 
must be an odd quarter wave¬ 
length in the spacing between 
the directly excited aerial and 
its inductively excited reflector. 
For the calculation of the cor¬ 
responding polar diagrams the 
phase difference between the 
radiation fields of aerial and re¬ 
flector are taken into account 
in the following formula:— 

9 = a + 27riV sin d, 
where x == number of wavelengths separation of radiators ; 

0 = exploring angle measured from normal to line of array ; 
sin = space phase difference causing interference effects 
between the fields of the radiators at the angle 0 ; 
a = time phase chfference of current in reflector from 
that in aerial; 

9 = resultant phase 
difference be¬ 
tween the radi¬ 
ation fields at 
the angle 0- 

As the maximum differ¬ 
ence of phase between the 
radiation fields cannot ex¬ 
ceed 180°, in the complete 
polar diagram the space 
phase angle 2tzx sin 0 is 
added to the time phase 
angle a for 180° of rotation 
of 0, and is subtracted from 
it for the remaining 180°. 

The polar diagram for 
a single dipole aerial with 
single J X spaced reflector 
wire as described, is shown 
in fig. 247, that part of the 

Fio. 248. Polar diagram in equa¬ 
torial plane of a four dipole aerial 
array employing | \ spacing, and a 
reflector screen of four dipoles. 




Fig. 247. Polar diagram in equatorial 
plane of single excited dipole with single 
reflector dipole spaced 1 \. 
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diagram immediately at the transmitter being indicated in fig. 246 
by the dotted lines of equipotential for vanishing signals. 

The polar co-ordinates of fig. 247 can be applied to any of the 
aerial diagrams mentioned above to obtain the equivalent diagram 
when using a reflector. Thus the product of figs. 244 (d) and 247, 
is fig. 248, which gives the polar diagram for an array of four 
dipoles spaced i A, and separated J A from a four unit reflector. 

Marconi Beam Aerial 

This consists of a number of 
parallel vertical radiating wires 
with an equal number of similar 
rellecting wires, placed one quarter 
of a wavelength behind them. 

Now if each of the wires A—B 
be fed with currents of the 
same phase from a transmitter, 
the system will radiate a very 
narrow “ beam ’’ and will be 
found to possess a polar dia¬ 
gram as shown in lig. 249, the 
main portion of the energy radi¬ 
ated being confined to an angle 0 
which can be made as small or 
as large as is desired. Radiation Fio. 250. A “ Wave ” Aerial Method of 
also takes [ilace in the directions Keception. 

indicated by the smaller lobes, 
but the field intensity is low. 

The Wave Aerial 

For sharp directional effects 
on long wave reception, the type 
of aerial known as the wave 
aerial ” is most convenient. In 
its most elementary form, this 
consists of a straight horizontal 
conductor, many wavelengths in 
length, in line with the direction 
of projiagation of the signal, with 
the end nearest to the trans¬ 
mitting station earthed through 
a resistance to prevent rellection. 

A signal wave arriving at such 
an aerial induces comparatively 
feeble currents at the transmis¬ 
sion end, and very strong currents 

at the receiving end. Thus in lig. Fm.251. Polar Diagram of Wave Aerial 
250, a wave arriving from A to B for Wavelength of l2,(W)m. when A —/• 
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Fig. 249. Polar Diagram of Marconi 
“ Beam” Aerial. 
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will induce large currents in the receiver, but a wave arriving in the 
opposite sense will only produce feeble currents in the receiver. 

A polar diagram of such an aerial for a wavelength of 12,000 
metres is shown in fig. 251. 

Earth Reflection Effects 

If an earthed quarter-wave aerial is employed for medium 
wave service at sea, the main wave travels along the surface of 
the sea, but if a short wave dipole is erected at a height well above 
sea level, the conditions of propagation are very different. 

Let us suppose that the dipole is horizontal and is at a height 
of 1 A above sea level. The sea itself is a good conductor and 
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its behaviour towards electro-magnetic radiation is similar to 
that of a mirror in regard to light; the reflection in general 
follows optical theory and for a plane conducting earth the result 
is as if an image of the dipole exists at the same distance below 
the earth’s surface as the dipole is above it, the line joining them 
being normal to the surface. 

The current and E.M.F. relationships for an earthed J A aerial 
and its image, a vertical dipole having its centre 1 A above earth, 
and a horizontal dipole 1 A above earth, both with their 
corresponding images, are shown at (a), {b) and (c), in fig. 252. 

In addition to the distance relationship it will be seen that the 
nearest points of dipole and image are in opposite phase and the 
nearest parts of the magnetic field are in. the same direction. 
It follows then that the current has the same direction in a vertical 
dipole and its image, but the opposite direction in a horizontal 
dipole and its image. 

Horizontal Dipole 2 A above Sea Level 

Suppose we have a horizontal dipole near the mast-head, its 
actual height for the purpose of illustration we may take as 2 A 
above sea level. Its polar diagram can be calculated for an 
image 2 A below sea level, in a similar way to those already 
derived, but in this case the image current, as indicated in fig. 252 
(c), is in opposite phase to the di])ole current. 

The interference pattern at the transmitter will then be as 
shown in the upper part AXY, of fig. 253, where A is the dipole, 
A^ its image, and XY the surface of a flat earth. It contains as 
many lobes between the dipole and earth as there are half wave¬ 
lengths in the height of the dipole. At the level of the sea, the 
distances to the origin of the radiation and to its antiphase image 
then being equal, the field strength is zero. 

It can be shown that the nearest lobe to the horizontal has a 
vertical angle, which, at a distance on a fiat earth, is given approxi¬ 
mately by the expression— 


where h is the height above the sea of the oscillation centre of 
the radiator in wavelengths. A similar state of interference pro¬ 
ducing a lobe, occurs each subsequent half wavelength of the 
height of the oscillator, so that the total number of lobes in a 
quadrant is therefore 2h, 

The lowest lobe angle in the present case where h equals 2, is 
therefore 7° 11', and the remaining lobe maximum angles are 

Siu-1^^=22“: =38M0-; 

The corresponding polar diagram for the quadrant between 
ground and zenith, is given by the full lines in fig. 254. 

In the case of a vertical dipole 2 A above earth, the radiation 
from the image would be in phase with the incident radiation at 
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Fig. 253. Kadiation Interference pattern from a horizontal dipole A, at height 2 X abOve 
flat earth XY, or curved earth XZ. flat earth image of dipole ; a*.. . a‘», curved earth 
Subsidiary images ; O, centre of earth ; AT, line of tangency ; G, point of tangency; 
W, point at which earth curvature brings image to 1 X below surface ; a*» SR, limiting 

reflected ray. 


ground level, as indicated in fig. 252 (b), and the lirst lobe maximum 
is therefore at 0*". The lobe angles are then given by— 

_ . -1 0 .-12 .-14 .-16 .-18 

“ ~ 4/^ ’ 4A’ 4^ ^ 4/j ’ 4h 

Earth Curvature and Lowest Lobe Angle 

The earth, howeiver, is not flat, and the effect of its curvature 
on the radiation is indicated by the lower part of fig. 253, where 0 
is the centre of the earth, and XGZ its curved surface. The 
downward radiation from a horizontal dipole supported well up 
the rigging of a ship, bends round the earth’s curvature until 
that radiation angle to the normal, OAT, is reached, at which a 
tangent can be drawn from A to the horizon at G. Then for all 
greater vertical angles the radiation travels free of earth reflection. 

256 






FOR WIRELESS TELEGRAPHISTS 

For all lesser vertical angles each element of the radiation 
requires to be considered separately, as it is clear that earth 
curvature not only causes the reflecting surface to bend away 
from the radiation, it reduces the angles at which the rays meet 
that surface. 

Now the angles of incidence and reflection are equal, and, for a 
perfect conductor, an extension back of the reflected ray for a 
distance equal to the length of the incident ray indicates the 
position of the radiator image. 

Take any point P, on the curved surface XGZ. Then OPQ is 
the normal to the surface at the point P, AP is the incident ray, 
and Pa2 is the extension back below the surface of the reflected 
ray, the angle a^PO being made equal to the angle APQ. Then 
as Pa^ = PA, the effective position of the image for a refleeted 
ray from the curved surface at P is found to be at a^. 

By applying this operation to rays of different incidence the 
construction shown to the left of fig. 253 is obtained. 

It will be seen that earth curvature causes the effective position 
of the radiator image to move nearer to its source ; for rays 
which are normal to the surface the radiator and its image are at 
equal distances, AX and XA^, above and below the reflecting 
surface, whereas at tangency they coincide. 

This return of the image to the origin also affects its phase 
angle difference from the radiator. For rays normal to the 
earth’s surface the phase difference is 180®. With the image at 
the phase difference should be the same as that for a radiator 
half the distance Aa^^ above a flat earth, which in this case 
would be J A, and the phase difference would therefore be 90®. 

Similarly, the incident ray AS, creates a reflected ray which 
has a virtual origin at The distance between radiator and 

image is ccpiivalent to that of a radiator Aa^^/2 above a 

flat earth, that is to a radiator at a height of J A, when the phase 
difference would be 90°, as shown in the interference pattern, 
fig. 246. It will be seen therefore, that, as indicated in the part 
of fig. 253, below XY, the field strength at the surface of a curved- 
earth XZ improves near the point of tangency, and this improve¬ 
ment extends from some j)oint W where the effective height of 
the radiator has been reduced by earth curvature to 1 X . Thus 
for transmission on 15 metres from a dipole 2 X above earth, 
signals at sea level may be expected to strengthen at about 8.6 
miles, the horizon being at 12 miles ; for transmission on 1 metre, 
2 X above earth, signals may strengthen at 2.2 miles the horizon 
being at 3.15 miles. 

Then if E = 1, is the maximum field strength at any given 
distance from the radiator, at the surface of a good conducting earth 
immediately under the radiator E = O, and at tangency E = 0‘7. 

Field Strength beyond the Point of Tangency 

The fact that the incident and reflected rays near the point of 
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tangency are no longer in anti-phase, has the useful effect that 
signals can still be detected by a ship for a certain distance as it 
falls below the horizon while the aerial is still in the radiation 
field, the lower part of which has a maximum field strength 
E = 0-5, due to the direct rays only, as indicated by the tangent 
to the curved surface AGT, fig. 253, and the upper part E ^ 0*7, 
due to the expansion of the direct and reflectea rays, as indicated 
by the line of the last reflected ray A^^SR. 

The effect of earth curvature on the lowest lobe of the polar 

diagram in the vertical field for 
a horizontal dipole at a height 
of 2 A above ground, is shown 
by the dotted curve in fig. 254. 

The angular width of a lobe 
between two regions of minimum 
field strength can be divided into 
four parts in each of which the 
difference of phase between the 
incident and reflected rays is 
advanced 90°. The effect of 
Fig. 254. Polar diagram, from the hori- earth curvature at the horizon 
zontal to the zenith of radiation from a on the lowest lobe of the vertical 

polar diagram is therefore to 
curved earth, dotted curve. cause the lowest cjuarter lobc to 

disappear, so that the angular 
width of the lowest complete lobe above a flat earth, is now 
occupied by three-quarters of a lobe. 

The angle of maximum field strength in the lowest lobe of the 
case considered, as shown in fig. 254, is therefore 4° 49', as com¬ 
pared with 7° 6' for a flat earth. 

Governing Factors in Wireless Wave Propagation 

We have seen on page 226 how it is that a transmitting 
aerial radiates power in the form of electromagnetic waves, i.e. 
disturbances in which electric and magnetic intensities co-exist 
in certain definite relationships. 

At first it was considered that such radiation suffered attenua¬ 
tion in a very simple manner in its passage between transmitter 
and receiver, and a formula derivea by L. W. Austin in 1911 
gave the current in the receiving aerial as 

Ir = AI, J'' t -ooi.dA-* 
dA 

where A is a constant, 

Is is the current in the transmitting aerial, 
hi and hr are the heights of the transmitting and 
receiving aerials, 

d is the distance between the stations, 
and A is the wavelength. 
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Now it can easily be shown, using this formula, that for a given 
distance d the best wavelen^h is 

A = 4.6 X d* 

where d is given in kilometres. Accordingly as the distance 
between transmitter and receiver is increased so should A be 
increased to obtain best results. 

This conclusion is, as we know now, only partly true. If the 
mechanism of wave propagation were as simple as it was at first 
supposed to be, no signals would be received at, say, 10,000 
mfles from a transmitter radiating on, say, 25 metres wavelength. 
That such signals are received indicates a fallacy in the reasoning 
that was responsible for the above formula. 

Distribution of Radiated Energy round a Short Wave Trans** 
mining Aerial 

The electro-magnetic radiation from a vertical half-wave aerial 
sup])orted above the earth produces a circular polar diagram in 
the horizontal plane, but in the vertical plane the distribution of 
radiated energy as we have already seen is less simple. 



Fig. 255. Distribution of Radiated Energy in a Vertical Plane 
from Vertical Short Wave Aerial for Earth of Perfect 
Conductivity. 


For a dipole having an effective height of \ A, above a good 
conducting earth, the distribution of field, strength between the 
horizontal and zenith is indicated in fig. 255. 

Should the earth, however, have appreciable resistivity, more 
energy is radiated upwards, and the field strength at higher 
angles is increased. The polar diagram is, in fact, modified 
to fig. 256, as maximum energy is then radiated at some vertical 
angle above the horizontal, and not in the horizontal direction. 

If we consider the propa¬ 
gation of waves between a 
transmitter at O and a 
ground receiver at R, fig. 

257, along two directions 
such as OA and OA\ fig. 

256, it is clear that only 
radiation in the direction 



OA will reach R, unless some 
mechanism exists in the 
medium between O and R 


Fio. 256. Distribution of Radiated Energy 
in a Vertical Plane from Vertical Short Wave 
Aerial for Earth of Finite Conductivity. 


259 





HANDBOOK OF TECHNICAL INSTRUCTION 



which will deflect radiation from the direction OA^ and cause it to 
return again to the earth’s surface by some system of reflection 
or refraction. 

It has been conclusively proved that such a mechanism does 
exist in the form of ionised layers of gas in the upper strata of 
the atmosphere which tend to deflect the radiation downwards. 
This region above the earth is called the Heaviside layer. 

As a first approximation to the truth (which is rather more 
complicated) we may imagine the Heaviside layer as a partially 
reflecting concave surface whose height above the earth varies, 
rising at night and descending during the day. 

We see then that energy can reach a distant receiver 
(fig. 257) by two distinct methods. 

(a) It may reach the receiving aerial without having been 
reflected ; 

(b) It may be reflected between the earth and the Heaviside 
layer once, twice, or many times until it is finally collected by 
the receiving aerial. 

That part of it which travels parallel to the earth’s surface is 
known as the direct ray, and that part which reaches the receiver 
after reflection is known as the reflected or indirect ray. 

The direct ray is relatively quickly attenuated in its passage 
close to the earth and it is this part only which is considered in 
the Austin formula. 

The reflected rays are utilised chiefly in short-wave working 
and need not be considered in the case of transmission on wave¬ 
lengths over, say, 60 metres, although at night the reflected rays 
may interfere with the direct ray reception even at comparatively 
loM wavelengths. 

Below a certain critical wavelength, of approximately 10 metres, 
it is the exception for reflection to be experienced as the rays 
which are directed upwards from the transmitter normally pass 
through the Heaviside layer and are not reflected to earth. 
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We may consider the propagation of radio waves then under 
three headings : 

(a) Waves from 60 metres upwards ; 

(b) Waves from 10 metres to 60 metres ; 

(c) Waves under 10 metres. 

Long Waves from 60 metres upwards 

It is generally assumed that in daytime, transmission is effected 
by the direct or surface ray, and that no appreciable energy is 
reflected from the Heaviside layer in such conditions. 

The ratio of reflected to direct ray depends chiefly on 

(1) The distance of the receiver from the transmitter (and 
nature of the intervening terrain); 

(2) Wavelength of the transmission. 



Sufficiently close to the transmitter the main ray entirely 
swamps the reflected one at all hours of day or night and at all 
latitudes, or seasons. Even though it is possible to obtain reflected 
waves of recordable intensity at a few kilometres from the trans¬ 
mitter with wavelengths of 100 m. or less, the reflected wave, 
even at night time, does not assume any practical importance 
until ranges of over 60 to 100 km. are reached. The relative 
intensity of the reflected to direct ray increases with increasing 
frequency, so that the undisturbed range of the direct ray decreases 
with wavelength. 

A modified formula giving the relation between signal strength, 
distance between transmitting and receiving stations, and wave¬ 
length has been obtained by T. L. Eckersley and a series of curves 
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is given in fig. 260, from which can be calculated the field in¬ 
tensity in milli-volts per metre, obtained from a transmitter 
radiating on any wavelength between 60 and 2,000 metres, where 
the distance between receiver and transmitter lies between 80 
and 800 km., per 1 kw. radiated. 

As an example of the use of such a curve, a transmitter radiates 
2 kw. on a wavelength of 850 metres, the distanee between 
receiver and transmitter being 200 km., the signal intensity will 
be .11 milli-volts per metre per kw. radiated, or .11 x 1.1414 = 
.156 mv/m. for the 2 kw. radiated since the signal strength is 
proportional to the square root of the power radiated. 



Waves between 60 metres and 10 metres 

In the case of short waves, i.e. waves of 100 metres 
downwards, the question of the possibility of long distance 
transmission involves the consideration of the behaviour of 
the upper ionized layers of the atmosphere. 

Two series of curves are given (figs. 258 and 259), connecting 
distance and signal strength for various wavelen^hs, the first 
being for daylight and the second for darkness conditions. 

A careful study of these short-wave curves shows that the 
maxima for the various wavelengths occur at increasing 
distances with decrease of wavelength in the case of daylight, 
and with increase of wavelength in the case of darkness. 
Thus, taking the case of a 20-metre wave in darkness and 
daylight, we see that no very strong signals are obtained 
under late night conditions but strong signals are obtained 
at distances of over 1,000 miles under all daylight conditions. 
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A table giving the approximate distances in miles at which 
signals cease to be audible at different wavelengths assuining 
a transmitter of approximately 10 kw. aerial power is given 
below. The figures are for intense daylight routes, and 
refer to the use of a simple receiver at the receiving end. 


Wavelength in metres. 
15 
20 
25 
30 
40 
50 


Distance in statute miles, 
12,000 
7,000 

4.500 
3,000 

1.500 
900 


For a route entirely in twilight, the attenuation on all 
wavelengths is greatly reduced. Signals on wavelengths 
of the order of from 15 to 30 metres Avill generally be found 
to be the best for use on such a route. 

The attenuation of wavelengths above 40 metres is slight 
under conditions of complete darkness. On wavelengths 
below about 20 metres signals are reduced due probably 
to the fact that the rays are insufficiently bent at the 
ionized layers. 


Skip Distance and Multiple Echoes 

Let us consider the ray in the direction OA^ (fig. 256) to 
represent all rays which are transmitted at zenithal angles large 
enough for reflection to be possible and for the reflected rays to 
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be received by the receiver. It will be easily seen that a distance 
between transmitter and receiver exists for any given condition 
such that the direct ray OA has been attenuated to such a degree 
that reception from it at R is no longer possible, and reception 
from the indirect rays will not start until the receiver is at R^. 
The distance RR^ is termed the “ skip distance.” It is the 
distance within which no reception is possible as the indirect 
rays have not been bent sufficiently to return to earth and the 
direct ray has become so attenuated as to be of no use in reception. 

Also if we refer to fig. 261 we see that the rays 6^, and 
have different distances to travel before reaching R^ They will 
arrive therefore at different times. If a dot is sent from T, this 
fact may cause not one but many dots to be received at R^ with 
a time interval between them. This phenomenon of “ multiple 



Fio. 2C1. Formation of Multiple Signals in Short Wave Transmission. 

echo ” is responsible for some distortion which occurs in high 
speed facsimile working, and some other forms of communication, 
but is not one which should affect ordinary marine traffic. 

Waves below 10 Metres 

Waves of this order have been used for short distance com¬ 
munication, but suffer from the defect that they are not reflected 
from, but pass through, the Heaviside layer. On occasion, 
however, it has been found that transmission distances up to 
double the optical range can be obtained, and it is recognized 
that very low reflecting layers may sometimes exist in the 
atmosphere to make this possible. 

Normal communication is therefore confined to o[)tical distances 
between transmitter and receiver, such that a straight line can 
be drawn between them without cutting through the curvature 
of the earth. 

Range to the Horizon 

The actual distance to the horizon da, for various heights of 
Transmitter or Receiver arrays, equivalent to the distance from 
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A to the point of tangency G, fig. 253, can be found from the 
formula—da — 6,500 the dimensions being both in feet. 

Then— 


h (in feet), 
6 

20 

100 

240 

350 


(in miles), 
3 

5.5 

12.3 

19 

23 


Maximum Optical Transmitting Distance 

The maximum distance of transmission on an optical range 
occurs when the line of sight from the transmitter aerial to the 
receiver aerial touches the horizon. 

This is illustrated in lig. 262, and it can be shown that the 
maximum distance is given approximately by the formula— 

dm = V^r (Vfh + V K) 

where dm is the maximum distance, 

hi is the height of transmitter, 

/i 2 is the height of receiver, 
r is the radius of earth, 
all measurements being in the same units. 



u. 




Fia. 262. Propagation of Ultra Short 
Waves. 


Effective Height and Earth Curvature 

Let T, fig. 263, be a horizontal transmitting dipole at a height 
//T above ground, in communication at an optical range d, with R, 
a horizontal receiving dipole, at a height /#r, above ground. 
Then the effective heights of the T and 11 dipoles, corrected for 
earth curvature, are obtained as shown in the figure, by finding 
their equivalent heights and Ju, above a flat tangential earth ; 
the point of tangency G, on the curved earth XX, being at that 
point at which d is divided in the same ratio as the two actual 
heights, the range d being also the arc subtended at the centre ol 
the earth by the two stations. Then the square of the ratio 
of the actual heights above sea level at the two stations is equal 
to the ratio of the two ineffective heights. 

In fig. 263— 

hi = — q 

//g ~ /tR — P 
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where is the actual height of the Transmitting aerial above sea 
level, 

is the effective height at the transmitter, 
is the actual height of the Receiver aerial above sea level, 
is the effective height at the receiver, 
and p and q are the heights lost by earth curvature. 

Then it can be shown with reasonable approximation that— 


and 


so that 


n 


P 


_ JiT 

2r\liT + //R/ 

_ dV hn Y 

2r\ / 



where r is the radius of the earth, O its\*entre. and d is the great 
circle distance between the two points," all the dimensions being 
in the same units. 
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CHAPTER XVIII 

SIMPLE RECEIVER CIRCUIT AND CRYSTAL DETECTOR 
The Simple Receiving Circuit 

HE receiving circuit may be looked upon as being the 
secondary circuit in an extremely loosely coupled oscilla¬ 
tion transformer of which the transmitting circuit is the primary. 

Take two Leyden jars. Arrange to spark one of them, allowing 
the connections from the inside and outside coatings to have 
sufficient length to give the resulting oscillatory circuit appre¬ 
ciable inductance. The other Leyden jar should have the inner 
and outer coatings connected through a slider bar, as shown in 
fig. 264. Another lead, as short as possible and enclosing a 
minimum area with the jar, should be brought from the inner 
coating to within a short sparking distance of the outer coating 
at B. Then it will be found that when a spark discharge takes 
place at A in the first circuit, under certain conditions a discharge 
will also take place at B in the second circuit. These conditions 
are obtained when the oscillation constants of the two circuits 
are made to agree, and this can be done by adjusting the slider 
in the B circuit. The B spark can be produced when the two 
jars are some distance apart, and is due to the electro-magnetic 
waves radiating from the first circuit impinging on the second 
circuit, and setting up corresponding oscillations in it. These 
oscillations through resonance increase in amplitude until finally 
the charge in the condenser overflows in the form of a spark. 
If the distance between the two circuits is great, the energy in 
the second one is not sufficient to break down the spark gap 
and no discernible oscillations are set up in the circuit. 

The amount of energy in the 
receiving circuit depends to a 
great extent on the surface pre¬ 
sented to the oncoming waves. 

It has been explained that an 
oscillatory circuit consisting of 
an earthed elevated conductor 
is a good radiator. At the same 
time it will be seen that such 
a conductor presents a great 
surface on which waves may 
impinge. Thus an elevated 
conductor may be used at a 
wireless station for both trans- 264. Leyden Jar Experiment in 

mission and reception. In Resonance. 

267 






HANDBOOK OF TECHNICAL INSTRUCTION 


wireless stations of low power the same conductor or aerial is used 
for both purposes, but where large power is used it is found that 
separate transmitting and receiving aerials are required. 

If the oscillation constant of such a conductor be the same 
as that of a distant similar conductor, oscillations in one produce 
electro-magnetic waves which set up oscillatory currents in the 
other. These oscillatory currents are so very weak, however, 
that their detection can only be effected by the insertion in the 
circuit of very sensitive apparatus. 

Why the Telephone cannot detect Oscillating Currents 

Now the telephone is one of the most sensitive pieces of 
electrical apparatus known, but as its action is electro-magnetic 
and dependent upon the variation of the magnetization of an 
iron core, the reactance of the telephone coils being very large 
would prevent the oscillatory currents from passing. Also the 
telephone diaphragm is unable to keep pace with the extremely 
rapid changes in direction of an oscillating current. Even 
assuming, however, that the diaphragm could vibrate in time with 
the oscillating currents, the vibrations would be at such an 
extremely rapid rate that they would not be detected as sound 
by the human ear. In order, therefore, to use the telephone 
as a receiver the oscillating currents are converted into inter¬ 
mittent unidirectional currents of an audible frequency, and the 
apparatus that does this is called a “ detector or “ rectifier.’* 

Crystal Detectors 

Many natural minerals such as zincite, chalco-pyrites, silicon, 
molybdenite, galena, bomite, tellurium, to name a few, when 
properly used, have the power to rectify weak alternating currents. 
In some minerals the crystals are thin flakes, in others they have 
distinct facets, but in every case in order that a crystal should 
rectify, a good broad contact must be made at one place on it 
and a constricted point contact at another. The rectification 
takes place at the point contact. For a flake crystal such as 
molybdenite, a metal point or the point of another crystal is 
used to make an active contact. 

For what we may call a facet crystal, an active contact is 
made by placing one of the edges or sharp points against a metal 
plate, or the surface of another crystal. 

Frequently, however, facet crystals are so closely agglo¬ 
merated that they have to be treated as if they were flake crystals 
and a suitable rectifying place sought on them with a metal 
point. 

The qualities looked for in a good commercial crystal detector 
are—^that it should rectify with very small changes of potential, 
it should be constant and reliable in operation, and unaffected 
by atmospheric conditions. That it should resist mechanical 
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shock, and should not be too friable. Its rectification should 
not be destroyed by atmospheric discharges nor by the inductive 
effect of a neighbouring transmitting set. 

One cannot hope to obtain a crystal perfect in all these respects, 
but carborundum, a chemical product of pronounced crystalline 
structure, composed of silica and carbon, is easily the best all¬ 
round crystal rectifier, and has therefore been employed for several 
years by the Marconi Company for general use. 

Carborundum varies very considerably in composition and 
properties. It is produced by fusion, and therefore blocks of 
the substance present two characteristic surfaces; one which 
has been attached to the furnace wall and has a fused appear¬ 
ance, the other which is composed of irregular masses of large 
crystals formed at the end of the fusing process. Crystals for 
rectifying purposes are generally found halfway through the 
thickness of the block. 

The hard grey quality frequently covered with pure graphite 
gives crystals of high resistance and low sensitivity. The highly 
coloured carborundum exhibited in show cases, on the other 
hand, is too soft. It breaks easily, and is a bad rectifier. Such 
crystals can, however, be used as rectifiers in wavemeters. Car¬ 
borundum suitable for receivers has an intermediate character. 
Although colour is no reliable indication of quality, the best 
crystals are generally green or bluish-grey. After careful selection 
by a rectification test, the chips of carborundum which rectify 
negatively are inset in solder in brass cups, leaving the active 
points exposed. Positively rectifying crystals could also be used 
if required. 

Steel Tipped Carborundum Crystals 

It has been found that if the end of the crystal which is set in 
solder in the brass cup is first tipped with steel by a welding 
process, the reliability of working is very much increased, the 
rectification effect is increased, the effective resistance is lowered, 
and the crystal is less liable to be upset by atmospheric discharges. 
Steel tipped high resistance carborundum crystals have usually 
a dark grey colour and require to be connected to the positive 
pole of the battery. Their brass caps are therefore painted red. 

Steel tipped low resistance carborundum crystals usually have 
a grey green colour and require to be connected to the negative 
pole of the battery. The brass caps of this type are therefore 
painted black. 

Crystal Detector Circuits 

The characteristics of crystal detectors in general vary over a 
wide range. With some, the low voltage of the induced H.F. 
signal current is quite sufficient to cause useful rectification ; 
with others, it is necessary to apply to them a certain steady 
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voltage before they reach a state at which small signal voltages 
can cause the telephone to respond. The effective resistance of 
one kind of crystal to the rectified current may be a thousand 
ohms, but with another kind the resistance may reach a hundred 
thousand ohms. Some crystals have a pronounced capacity 
effect, but with others it is almost negligible. It follows that the 
best form of circuit to use with the crystal will depend on the 
class of crystal used. 

The design of the circuit connected to the crystal is decided 
by the effective resistance of the circuit. This circuit in its 

- simplest form consists of a 

__ij_ tuned circuit having inductance 

g y Q capacity C, and inductive in- 

L g c ^5 I ternal resistance R. The im- 

5 pedance of this circuit at reson- 

^ -^ - ance is given by 

L a,«L» 

JIB CR R 

-With a given design of closed 

Fio. 265. Crystal Detector Circuit. circuit, loading to the aerial caii 
- be made such that the value of 

300 

I this effective resistance can 

250 Jl 

^ he made equal to the effective 

S 200 ! resistance of the crystal at its 

I / working point. Generally speak- 

i ing, carborundum crystals have 

o sensitivty/ a resistance of the order of 

^100 j 40,000 to 60,000 ohms, and the 

/ other types of crystals such as 

50 / zincite and bomite are some- 

what higher. Thus the circuit 

3 : 5—2 -^-- 2—30 resistance should be made of 

CARBORUNDUM CARBORUNDUM thc ordcr of 40,000 ohms. This 
P0S.T»VE VOLTS 50 NEGATIVE VOLTS ^ rcsistauce foF a 

-parallel tuned circuit, and it is 

Fio. 266. Character of Carborundum for this reason that no great 

advantage will be gained by 
making good coils for crystal 
circuits, and the ordinary fine wire type of coil is usually quite 
good enough. 

A typical detector circuit is shown in fig. 265. C is a variable 
condenser which together with the fixed inductance L resonates 
to the H.F. current in the inducing coil M. A crystal detector 
D, in series with a telephone T, is brought to a condition of 
maximum signal sensitivity by the potentiometer P, and is con¬ 
nected across the condenser so as to be affected by the H.F. 
potential due to the received signals. A rectified intermittent 

2T0 


POSITION FOR/' 
MAXIMUM / 

sensitivty/ 


3*6 2 1 

CARBORUNDUM 
POSITIVE VOLTS « 


1 2 3 0 

CARBORUNDUM 
NEGATIVE VOLTS 
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current passes through the crystal and the telephone, and the 
sound of the dots and the dashes heard in the telephone has a 
piteh corresponding to the frequency of the transmitting spark. 

The Action of a Crystal Detector 

This will now be considered a little more in detail. If a poten¬ 
tial difference is established between two places on a crystal 
detector, so that one place is negative and the other positive, it 
is found that the amount of current which will pass depends on 
which of these two places is positive and which negative. If 
the potential is applied in one direction an appreciable current 
may flow, if the direction is reversed the current may be altogether 
stopped. The crystal is said to conduct “ asymmetrically ” or 
“ unilaterally.” In general practice a carborundum crystal is 
considered good enough for use if the ratio of the currents in the 
two directions on the application of 2 volts is 40 to 1. 

Fig. 266 shows the voltage-current curve—^the “ character¬ 
istic ”—of a specimen carborundum detector. The values of 
current have been measured for different values of steady voltage 
applied from the crystal to the steel plate—marked “ carborundum 
positive ”—^to the left of zero, and from the steel plate to the 
crystal—marked “ carborundum negative ”—^to the right of 
zero. 

The first point to notice is that the characteristic is not a 

straight line, the value of or the apparent resis- 

® current 

tance, alters from point to point on the curve. The crystal 
therefore does not obey Ohm’s Law. 

The next point to notice is that for potentials up to 1.5 volts 
a current can be obtained when the carborundum is negative, 
but no current when it is positive—^there is complete 
rectification. 

For potentials above 1.5 volts the negative current is much 
larger than the positive current—^there is partial rectification. 
If the positive characteristic is subtracted from the negative 
characteristic we get the dotted curve C. 

This new curve shows us that if an alternating potential is 
applied to the crystal of any value up to 3 volts where the curve 
ends, no steady potential being applied at the same time, the 
strength of the rectified current will increase with the potential 
increase. Also the slope of the curve shows us that the rate 
at which the rectified current increases rises steadily as far as 
the last value on the curve. 

But the potential due to the high frequency signal current 
is very small; it can never approach the high values which are 
shown to give most rectification. Suppose the signal potential 
reaches .01 volt. When this is applied direct to tne plain 
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carborundum crystal, the resulting current is negligibly small and 
there is no apparent rectification. 

But it may be possible to assist the crystal by applying to it 
a fixed potential in the best direction. Let the fixed potential 
be 1 volt. Then the .01 volt will be continuously added and 
subtracted from it by the high-frequency signal potential, and 
there will be a variation in current as indicated by the slope— 
otherwise called the differential coefficient —of the curve C at 1 volt. 

But suppose the slope is a straight line. Then the current 
increase must equal the current decrease ; the mean current 
through the telephone will be the same as if there were no signals 
and the telephone will give no sound. The arrangement will 
be comparable to that state of the crystal which gives no rectifica¬ 
tion. If the telephone is to respond, the mean current under 
the influence of signals must be greater or less than the current 
due to the steady potential. This will occur when the slope of 
the characteristic at the working potential—in the present case 
1 volt—is different below to what it is above this potential. 
In other words, the characteristic must show a change of slope. 

The strength of the telephone signal, then, depends on the rate 
of change of slope. This relation is given by the 2nd differential 
coefficient of curve C. The position on the characteristic at which 
the value of applied steady potential brings the crystal to the 
condition which gives largest variations in telephone current on 
the application of a small alternating E.M.F.—which is therefore 
the position of greatest sensitivity—is found to be in the sharp 
bend of the curve, where the rate of change of slope is a maximum. 
To determine this position by calculation is a tedious matter, 
but in practice it can be found with ease. 

A battery voltage known to be more than is required for the 
purpose, is applied to the crystal through a potentiometer, and 
by simply moving the potentiometer slider, the potential on the 
crystal can be quickly varied until it reaches that value which 
gives strongest signals in the telephone. 

The small increment of rectified current resulting from each 
wave received, adds itself to the current increments due to all 
the other waves in the same wave-train, to build up the resultant 
current which acts on the telephone to produce one beat of a 
signal note, the complete note being produced by the added 
effect of all the wave-trains. 

The Telephones 

The telephones are connected in series with the detector. 

A brief explanation of how the telephone works, is here 
necessary. The sensation of sound is excited in the ear by 
the motion imparted to the air by vibrating bodies. If a 
flat steel spring be fixed in a vertical position in a vice, as 
shown in fig. 267, and the free end of it be displaced so that it 
takes up the position shown by the dotted line AB, on releasing 
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it a vibratory motion will follow, 
and forwards along a gradually 
first movement to the right, it 
hand side, and causes a state 
side. A reverse movement has 
long as the spring continues to 
vibrate, waves of rarefaction 
and compression are propagated, 
the frequency of these waves 
or the number of complete vi¬ 
brations per second, determining 
whether they are audible or not. 
If the frequency be anything 
between 30 and 20,000 per 
second, audible sounds are pro¬ 
duced. The telephone is an 
instrument capable of producing 
waves in the air of such a fre¬ 
quency. A disc of thin soft 
iron, varnished to prevent rust¬ 
ing, takes the place of the spring 
just described, and it is set in 
vibration by fluctuations in the 
intensity of a magnetic field. 
Fig, 268 shows an electro-magnet 
with its two poles in close 
proximity to a disc of soft iron, 
D, which is firmly clamped in 
position by its edges. The core 
of the magnet is permanently 
magnetized and exercises a force 
of attraction on the disc. If 
a current be passed through the 
coils wound round its pole 
pieces, this force of attraction 
IS increased or decreased accord¬ 
ing to the direction of the 
current. If the force be in¬ 
creased, the centre of the disc 
is pulled towards the magnet; 
and if the force be decreased, it 


The end A will pass backwards 
decreasing arc, AC. During its 
compresses the air on its right- 
of rarefaction on its left-hand 
exactly the opposite effect. As 



Fio, 267. Motion Imparted to the Air by 
a Vibrating Body and Producing Sound. 



Fig. 268. Principle of the Telephone. 


is released to some extent. If, 


then, rapid alternations of current, or intermittent unidirectional 
currents, be passed through the windings, the disc or diaphragm,’* 
as it is called, is caused to vibrate; and if the frequency of the 
vibrations be within the limits stated above, they will produce 
the sensation of sound in the ear. Figs. 269 {a) and 269 {b) show 
a plan and section of the type of telephone receiver used in a 
wireless installation. On account of its shape, such a receiver 
is called a ** watch ” receiver. Two complete watch receivers are 
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Fig. 269. Watch Type Telephone ((/) Plan ; (6) Section 


connected in series at the ends of a steel or aluminium strip spring, 
to form the telephone head-gear. As the space available is very 
small, the wire used in the coils of the electro-magnets must of 
necessity be very thin, in order to obtain the necessary ampere- 
turns required for the high degree of sensitiveness of the tele- 

E hone. In low resistance telephones the wire is insulated with silk, 
ut where a much greater number of turns is required, as in the 
case of telephones of from two to eight thousand ohms resistance 
used with a valve or crystal receiver, the wire insulation usually 
consists of a coating of enamel, as space is thus economized. In 
the high resistance telephone a pair of protective spark points is 
often included, as shown in fig. 269 at S, as a guard for the coil 
windings against excess voltage due either to direct application, 
inductive kick on suddenly breaking circuit, or high-frequency 
surge—all tending to damage the insulation. Again, where 
enamelled wire is used, the interior of the case is filled with 
paraffin wax, further to ensure good insulation and prevent 
moisture from reaching the windings. 

Tuning 

A receiving circuit consisting only of an aerial with a crystal 
detector connected between it and the earth would not be of 
much use in actual practice. It is necessary in the first place 
to introduce some means of varying the oscillation constant of 
the aerial circuit in order to place it in resonance with the fre¬ 
quency of any particular transmitting station with which it 
may be desired to communicate. The natural frequency of an 
aerial depends on its size and shape, which determines its capacity 
and inductance. A decrease in its capacity may be ^ effected 
by placing another capacity in series with it. Whereas its 
inductance cannot be conveniently decreased, it may be increased 
by adding inductance in series. Thus, by placing a variable 
inductance and a variable condenser in series with the aerial 
all the necessary means for either increasing or decreasing the 
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oscillation constant within certain limits are provided. Fig. 270 
shows such a circuit. A represents the aerial. C a variable 
condenser, L a variable inductance, D the crystal detector, 
T the telephone, and E the earth. 

Harmonics 

Now, such a circuit would not only respond to oscillations of 
its own frequency, although such oscillations would produce the 
maximum effect in it, oscillations with frequencies of one-third, 
one-fifth, or one-seventh of its natural frequency known as 
“ harmonics ” could also be set up in it. Again, if the transmitted 
wave has sufficient strength, it may cause the receiving aerial 



Fig. 270. A Simple Receiving Circuit. Fio. 271. A Coupled Receiving Circuit. 


circuit to start oscillating by impulsing it, although the trans¬ 
mitted wave may be neither the fundamental nor a harmonic 
of the aerial. 

Oscillations of all kinds are more readily set up in an open 
circuit of the aerial type than in a closed circuit. Consequently 
the primary of an oscillation transformer is often made part 
of the open receiving circuit, while the secondary of the trans¬ 
former forms part of a closed circuit containing the receiving 
apparatus. 

Coupled Receiving Circuits 

This closed circuit, not responding so well to the harmonics 
of its fundamental frequency, and being more difficult to impulse 
by out-of-tune waves, is then better adapted to the elimination 
of all waves other than the fundamental, the wave required. 
Such an arrangement of two circuits is shown in fig. 271. The 
second circuit must, of course, be supplied with means of tuning 
it to the open circuit, and a variable condenser is used for this 
purpose. 

As in the transmitting arrangement alreadv described, the 
coupling between the primary and secondary of the transformer 
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has a tendency to produce oscillations of two frequencies, one 
below and one above the frequency of the received wave. Thus, 
if the coupling be a close one, two adjustments of the variable 
condenser—corresponding to the two peaks of a double-humped 
resonance curve—can be found by trial, which give a pronounced 
increase in signals compared with any other adjustments. In 
spark apparatus the transmitted wave is often a double-humped 
wave, and the strongest signals are produced when the coupling 
of the receiver accommodates these two humps by being made 
the same as the. coupling of the transmitter. Therefore the 
circuits are so arranged as to admit of variable coupling. 

When “ standing by ” to receive from a station sending on 
a wave of unknown length, a close coupling is used to make the 
receiver responsive through a wide range of wavelengths. As 
soon as communication is established the coupling is loosened 



in order to render the receiver responsive through a narrow 
range of wavelengths, and thus avoid interference from other 
transmitting stations. 

When a circuit is said to be “tuned” for the reception of a 
certain wavelength, it is understood that the adjustment is such 
that stronger signals are obtained on that wavelength than on any 
other. It is found, however, that waves of a slightly different 
length, either longer or shorter, will produce signals in the receiver, 
which signals are weaker than those from the tuned wave. 

We can, therefore, plot a curve showing the relationship 
between the strength of the received signals and the respective 
wavelengths. The peak of this curve, of course, denotes the 
stren^h of the signals produced by the wave for the reception 
of which the circuit is in tune. 

If the peak rises sharply, it indicates that the circuit responds 
only slightly to waves of a different length, but if the curve is a 
flat one, it shows that the circuit is responsive to wavelengths 
varying through a wide range. 
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Intermediate Receiving Circuit 

It has been said that a closed circuit is better adapted to the 
elimination of all wavelengths other than the one required. An 
extra “intermediate” oscillating circuit is therefore sometimes 
interposed between the aerial circuit and a third circuit containing 
the detector. 

The intermediate circuit contains two coils, one of which 
acts as a secondary to the primary in the aerial circuit, while 
the other acts as a primary to the secondary contained in the 
detector circuit. This arrangement is shown in fig. 272. The 
condenser by means of which the intermediate circuit is tuned 
is placed in parallel with the coils ; it may be regarded as the 
common part of two circuits which are electrostatically coupled. 
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CHAPTER XIX 

THERMIONICS AND THE VARIOUS APPLICATIONS 
OF THE VALVE 

The Electron 

I N the phenomena we now have to discuss, the current, instead 
of flowing through a solid or liquid conductor, may have 
to pass through a gas, and even through space where there is 
practically no gas. In order that the reactions which then take 
place may be clearly understood, it becomes imperative to amplify 
a little the information given about the electron at the beginning 
of this book. As there stated, an electron current in a solid 
conductor is composed of the organized systematic movement 
of multitudes of small bodies which are called electrons. They 
are all of approximately the same size, and possess inertia. 

Each electron carries a charge of negative electricity of the 
same value which is indivisible and inseparable from it, and for 
measurement purposes is taken as the unit charge of negative 
electrification. 

When these electrons move all in one direction, the passage 
through space of the electric charges which they carry constitutes 
an electric current in that direction, and a magnetic field is 
formed which always accompanies an electric current. 

The Production of Free Electrons by a Heated Filament 

Now, it is found that whenever a body is made incandescent 
it becomes surrounded with a cloud of expelled gas atoms and 
electrons. If we employ the filament of an electric light bulb 
or vacuum lamp as the incandescent body, and if the lamp is 
very highly exhausted then an almost pure electron discharge can 
be obtained which remains in the neighbourhood of the filament 
until acted on by suitable electric, magnetic, or electro-magnetic 
forces to give it direction and thus to create a current. 

The number of electrons N emitted by a heated body increase 
very rapidly with rise of temperature and is governed by a relation 
given by O. W. Richardson as 

N = AT 

where A is a constant depending on the body 
T is absolute temperature 
6 is a constant of value comparable to five. 

An electron discharge is present, of course, in an ordinary vacuum 
lamp, but no systematic current from the filament is produced, 
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as the filament which is left positive after a brief emission of 
electrons, tends to drag these electrons back to itself, and a 
state of equilibrium is reached very quickly, in which as many 
electrons are drawn back to the filament as are emitted from it. 


Edison Effect 

If, however, a plate is inserted 
in the vacuum lamp, and it is 
charged positively by an exter¬ 
nal battery, a current from the 
filament will flow to this plate, 
but no current will flow when it 
is charged negatively. This 
phenomenon is illustrated dia- 
grammatically in (a) and (b) fig. 
273. 

This is known as the Edison 
effect, and has been applied by 
Sir Ambrose Fleming to detect 
electro-magnetic radiation in the 
form either of continuous or 
damped waves. 

Fleming Oscillation Valve 

The first device constructed 
by Fleming to fulfil the above 
function consisted of an evacu¬ 
ated glass bulb in which was 
mounted a carbon “ filament ” 
or “ cathode ” which could be 
heated from a battery, and, sur¬ 
rounding this, a cylindrical sheet 
of metal which was called the 
“ sheath,” “ plate,” or “ anode,” 
which could be connected ex- 



Fio. 273. The Edison effect (a) Current flow 
from negative filament to positive plate; 
(6) No current flow when filament positive 
and plate negative. 



Fig. 274. Fleming Oscillation Valve: an 
Early Type of Diode. 


ternally to a second battery 

and hence placed at any desired potential. 

This instrument (fig. 274) was called by him an “ oscillation 
valve.” As it has two electrodes, the plate and the filament 
it is more often called a “ diode,” to distinguish it from other 
forms of oscillation valves which have three or more electrodes. 


Diode Rectification Effect 

It has been shown above that when the filament of the valve 
is glowing, a current will pass between filament and plate only 
when the point B (fig. 273) is positive with respect to A. 

If now an oscillatory current be impressed between points 
A and B, and a galvanometer is inserted between B and the plate, 
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a current will flow and the galvanometer respond only during 
one half of each complete oscillation. A deflection of the gal¬ 
vanometer therefore indicates the presence of oscillations in the 
circuit. 

The galvanometer may be replaced by a telephone, in which 
case each train of oscillations produces a sound in the telephone. 
By a similar arrangement the diode valve may be used as a 

rectifier as an alternative to the 
crystal. Such a circuit is shown 
in fig. 275. 

Diode Characteristics 

Now it will be obvious that 
in such a valve circuit we may 
have two independent variables 

(a) Plate voltage. 

(b) Filament temperature, 

and curves can be drawn con¬ 
necting 

Fio. 275. A Receiving Circuit with a Diode 

Detector. 1. rilament temperature 

and plate current for a con¬ 
stant plate voltage. This is 
an emission curve, and is of 
value for assessing a valve’s 
suitability for power work or 
otherwise. 

For any temperature of the 
filament, T, we have a maxi¬ 
mum value of current given 
by Richardson’s equation, and 
the plate current cannot pos¬ 
sibly exceed this value, no 
matter how high the plate 
potential may be raised. 

2. Plate current and plate 
voltage for a constant filament 
temperature. A convenient 
method of examining the 
action of a diode is to plot a curve connecting these values, 
the plate voltage being reckoned as positive when the plate is 
positive with respect to the filament. 

Saturation Current 

A series of typical curves for increasing values of filament 
current I/j, I/a, and I/,, are shown in fig. 276. The top part of 
the curve finally bends over parallel to the E axis corresponding 
to the maximum value of current mentioned above. Here, no 
matter how high E is, no more electrons can be dragged off the 
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filament and this maximum current is therefore called the 
“ saturation ” current. 

It will be obvious that the value of this saturation current Ip 
will increase with increase of 1/ as is illustrated in the curves. 

Space Charge 

Unless all the electrons emitted by the filament are absorbed 
by the anode, i.e. unless the valve is working in a region of 
saturation current, a “ space charge ” will be built up round the 
filament, which will consist of the electrons which are not 
attracted to the anode. This charge will, of course, be negative, 
and will tend to stop electrons reaching the anode. 

Best Adjustment for Rectification 

The rectification effect depends on the difference between the 
increase in the current when a certain potential is added to the 
plate, and the decrease in the current when the same potential is 
subtracted from it. If this potential is very low, it will be seen to 
involve that part of the characteristic near zero at which the 
slope is not only small but the rate of change of slope is also less 
than what could be obtained further along the curve where the 
first pronounced bend takes place. ’ Therefore, to obtain the 
greatest rectification effect, it is advisable to employ some 
additional source of potential to bring the working point of the 
valve to the bend, A (fig. 276), or alternatively to the bend, B, 
where the rate of change also is very considerable. 

The arrangement shown in fig. 275 is therefore used where an 
additional potentiometer, R, placed across the battery, B, allows 
the steady potential of the plate to be brought to any desired 
value before the additional potential supplied by the aerial current 
is applied to it. Suppose, however, the fixed plate potential is 
such as to cause the valve to function oti the straight part of the 
curve between A and B (fig. 276), then the valve will show no 
rectification effect, and no signals will be produced in the tele¬ 
phone, for as there is no change of slope, all alternating potential 
applied to the plate will at one moment increase the plate current, 
and at the next moment decrease it by the same amount, so 
that the mean current through the telephone will remain the 
same. 

The Three«*Electrode Valve, or Triode 

The great possibilities which lay in the thermionic valve were 
realized with the introduction of the third electrode, or “ grid 
into the diode by Lee de Forest in 1906. 

Briefly, the function of this grid is to vary the plate current 
without altering the filament temperature or the plate potential. 

Consider a circuit such as is shown in fig. 277 : V is the ordinary 
diode with the exception that a wire mesh G is interposed be¬ 
tween the plate and filament. This grid when negative with 
respect to the filament will tend to prevent electrons passing 
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through it, and will therefore decrease the plate current. When the 
grid is positive, more electrons can pass through it to the plate 

and the plate current will in¬ 
crease. The grid, too, will collect 
some electrons which will 
cause a current to flow in the 
grijd-filament circuit. Thus, al¬ 
though a positive grid increases 
the plate current, the electrons 
stopped by the grid are at the 
expense of the plate current. 

A valve with three electrodes, 
a filament, plate, and grid is 
called a “ triode.” 

Triode Characteristics 

Now we can see that the following variables have to be taken 
into account in dealing with such a valve. 

1/ Filament current. 

Grid voltage with reference to filament. 

Ij 7 Grid current. 

Ep Plate voltage with reference to filament. 

Ip Plate current. 

A series of curves can, of course, be drawn connecting pairs of 
these variables, but for general purposes, only two groups need 
be considered. 

1. Plate current—plate voltage curves with Ytg constant. 

2. Plate current—grid voltage curves with Ep constant. 
We also need for special purposes : 

3. Grid current—grid voltage curves with Ep constant. 

We shall consider curves of 

type (2) and (8) first, and note 
their application to the deter¬ 
mination of the behaviour of 
a triode performing various 
functions. 

In fig. 278, both the Ip E< 7 , 
and I^ E^ curves are given for 
Ep = constant. 

It can be shown from theo¬ 
retical reasoning that the curve 
connecting grid voltage and plate 
current should be given by the 
relation 

Ip = A (Ep + [jloEj^)* 

where A is constant 
[Lo is constant 

X is some index which may possibly be variable, but 
maintains a value near to unity. 

The above equation, of course, takes no account of the 
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Pull line, Plate Current—Grid voltf<, Ip 
Dotted line, Grid Current -Grid vplts, Ig Eg. 



Fio. 277. The Three-Electrode Valve, or 
Triode. 
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phenomenon of saturation current,which merely means that for any 
specified Ep the plate current cannot increase beyond a certain 
limit for increasingly positive values of E^. Otherwise the equation 
conforms to the experimental characteristics fairly accurately, and 
with most valves, x has a value near enough to 1.5. 

Now it is obvious that in general the plate current will not 
become zero with zero grid volts, but will becon\e zero for some 
negative value of grid volts. When the grid volts are actually 
zero, the magnitude of plate current will be given by 

Ip = A (Ep)^ 

(and this will give the point b on the curve). 

Also when the plate current is zero, the value of grid volts will 
be given by 



(giving point a on the curve). 

Now it will be seen that the slope of the Ip curve increases 
with increase of E^, at first rapidly and then very slowly, and if 
we take a? = 1, and consider a straight part of the curve, the 
slope gives us what is called the “ mutual conductance ** which is 

expressed by-^~ where [Lo is called the amplification factor and is 
Rp 

the ratio of plate voltage swing to grid voltage swing, and Rp is, 
as we shall see later, the internal resistance of the valve. 

The merits of different valves can be compared on a basis of 
mutual conductance. 

It is also of importance to notice that the rate of change of 
this slope will be greatest at two points, say R and Rj on the 
characteristic corresponding to values of E^ equal to (Ey)B 
and (E^)hi. The curve will be sensibly straight for some portion 
of its length, and the mid point of this straight portion will be 
at some point A, corresponding to a grid voltage (E^)a. These 
points on the curves will be considered later when discussing the 
functioning of a valve as an amplifier, oscillator and detector. 

In a similar way, the maximum rate of change of the slope 
of the \g E^ curve as at some point R* will be referred to when 
we come to consider the question of cumulative grid rectification. 

Lastly, we may consider plate current, plate voltage charac¬ 
teristics with grid volts constant. A family of these curves 
for different values of Ey are given in fig. 279. 

Hence the curve passing through the origin marked E^, will 
correspond to E^ = O. All curves to the left of this will 
correspond to E^ positive, and all to the right to E^ negative. 

The slopes of these curves will be given by 

dip _ 1 

d£p Rp 

and they are very useful for determining the conditions under 
which a valve may be oscillating, amplifying, or rectifying. 
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Amplification Factor 

Valves are used in radio practice largely to amplify alternating 
currents of high or low frequency. From any set of valve charac¬ 
teristics, we can see at once that if we apply an alternating voltage 

whose instantaneous 
value is, say, eg to the 
grid of a valve, we shall 
in general obtain a larger 
alternating voltage ej> 
from the output circuit 
of the valve between 
plate and filament. 

An important factor 
for determining the be¬ 
haviour of a valve under 
certain conditions, and 
for calculating its 
effectiveness in perform¬ 
ing any of its functions, 
is called the “ voltage 
amplification factor” of 
the valve, and is defined 
as “ A measure of the 
effectiveness of the grid 
voltage relative to that 
of the plate voltage in 
affecting the plate cur¬ 
rent.” It is the ratio 
of the change in plate 
voltage to a change of grid voltage in the opposite direction, under 
the condition that the plate current remains unchanged, and can 
be represented by the expression 



Fig. 279. Triode Characteristics, 
(c) Plate Current—Plate voltage Ip Kp. 




— ep 
eg 


where fio is the voltage amplification factor. Ip is constant and 
Cp and Cg are taken to represent small corresponding changes in 
plate and grid voltage. 

It can easily be proved that 


po = ~ 



L J const. Ip 

thus, if we find the corresponding slopes of the Ip and Ip 
Ep curves for a given value of Ip, we can determine the voltage 
amplification factor of the valve by dividing one by the other. 

An alternative method of obtaining po is shown in fig. 279, 
using only the Ip Ep curves. If the line AB is drawn parmlel to 
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the Ep axis, and cutting two adjacent curves E^g E^^, then it 
is obvious that the length of the line AB measured in volts 
divided bv the difference between E^g and E^*) also measured in 
volts, will give a value for [Xo. 

We may therefore write 

Amplification Circuit 

In order to utilize the increased output voltage change ep* 
it is necessary to complete the plate to filament circuit outside the 
valve with some load across which the change of potential ep 
can be applied. This load may be any impedance, but is in 
general a non-inductive resistance, an inductance, or a closed 
oscillatory circuit which may or may not be tuned to a particular 



Fig, 280. A simple High-Frequency Amplifying Circuit with Crystal Detector. 


frequency. Examples of these circuits will be found elsewhere in 
this work. A high tension battery in series completes the circuit 
to the filament. 

In any amplifier, however, two conditions are aimed at: 

1. The input voltage must be magnified by the valve, 
and must appear across the external anode-filament circuit 
in a practical form for use either for detection and sub¬ 
sequent audition, or for further magnification. 

2. The wave form of the input voltage must be preserved 
in the output circuit. 

Amplifiers may be either used for amplifying 

1. High frequency 

2. Audio frequency 

voltages, but the difference is one of degree only, and no special 
theory need be given for the two separate cases. 

High-*Frequency Amplification 

A simple high-frequency amplifying circuit is shown in fig. 280, 
The circuit, LC, which is coupled to the aerial at M, is tuned to 

* It should be observed that Cp not Ep is used here as we are dealing with 
instantaneous values of voltage. 
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the signal frequency by the adjustable condenser, C. The potential 
variations which take place on this condenser due to the signal 
current are applied between the grid, G, of the valve and the 
iBlament, F, the steady potential of the grid being already adjusted 
to the best position on the valve characteristic by means of the 
battery B 3 and the potentiometer slider S. 

The change of potential on the grid alters the flow of current 
between the filament and the plate P, which is drawn from the 
battery B, and a variable current having the same frequency as 
the signal current, but having much greater amplitude, is produced 
in the plate circuit, which is further increased by employing a 
variable condenser Cj in order to tune to this frequency. 

The detector, X, in this case is a crystal, which, in series with 
a telephone, is connected across this oscillatory circuit Ci Li; the 
detector rectifies the amplified signal current, turning each train 
of damped, or interrupted, waves into a variable unidirectional 
pulse, and the number of these pulses received per second determines 
the frequency of the note which is heard in the telephone. 

Valve Circuit Theory 

The parallel resonant circuit Q Li is the most usual form of 
output circuit employed in practice, and for this reason a complete 
analysis of this case is given below. 

We have already seen that 


Ip = A (Ep + E^)^.(1) 

If a? is assumed to be equal approximately to 1 , then we can 
simplify matters by defining a quantity known as the “ plate 
resistance ” as the ratio of the change in plate potential to the 
change in plate current produced by it under the condition of 
constant grid potential, or, accurately 


-[ai. 


where A Ep and A Ip are taken to mean corresponding increments 
in Ep and Ip. 

[ AEpl 

—— from (1) can be shown to be 1/A and we may 

Alp j eg 


write I- = +Ep.^ 2 ) 

Rp 

It can also be shown that the impedance of a parallel circuit 
such as is shown in fig. 281 

is, for resonance,, nearly equal to 

111 Lj 

and we may write the expression for the ratio of the voltage 
across this resonant circuit to the voltage impressed on the 
grid as: 

.w 
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It will be seen that if the ratio of L/CR = oo, (x = fxo, and this 
is the maximum stage amplification that can be expected from 
this type of coupling. A series of curves are given in fig. 282, 
showing the variation of [x with the value Li/Ci Rj and for different 
values of Rp but the same fre¬ 
quency. 

Now let us see what con¬ 
clusions may be drawn from (8). 

1 . At first sight it would 
appear that the larger [to 
is the larger jx will be. But 
in practical valve design, 

Rp increases with [Xo after 
a certain limit has been 
reached. But from (3) ^ decreases as Rp increases, hence some 
compromise as to the values of Rp and [Xo must be chosen. 

2 . The ratio L/CR must be made as large as possible. 
This may be accomplished by making 

(a) L as large as possible compatible with small R. 

(b) C as small as possible. This value will only be 
limited by the value of the valve plate-filament capacity. 

3 . If it were possible to make Rp zero, the maximum 
amplification (Xo would be obtained irrespective of the 
values of LC and R. This might be done by another source 
of energy of the same frequency, or, as we shall see later 
in the section on retro-action, in the case of a multiyalve 
amplifier, a reaction coil might be inserted in the plate circuit 
of one of the subsequent valves. 

Actually this is not generally 
done, as higher stages of mag¬ 
nification than ^0 can be ob¬ 
tained by other methods (see 
regenerative and super regenera¬ 
tive circuits). 

Amplification into a Telephone 
Circuit 

We have, up to now, con¬ 
sidered that the ideal condition 
is that which produces the largest voltage across the output load 
circuit. This applies to all cases except where it is desired to 
operate an electro-magnetic device, such as a telephone loud¬ 
speaker, etc., in the anode circuit, when the magnitude of the 
effect depends on the ampere turns produced in the electro-magnet. 

In this case, since the number of turns on the electro-magnet 
are usually fixed, it is necessary to examine under what con¬ 
ditions the output of a valve taxes the form of a large current 
rather than a large voltage. It can be shown that the maximum 
current output will occur where the load resistance is a minimum. 
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Another consideration is that for maximum undistorted power 
output, the telephone impedance must equal twice the internal 
resistance of the output valve. 

Actually in the construction of telephones or other eleetro- 
magnetic devices for use with valves of the order of 50,000 ohms 
resistance, the telephones are given a resistance of about 4,000 
ohms, and should be such that when their equivalent resistance is 
referred back to the valve either direct or by transformer, it 
should equal twice the valve impedance so that a “ match ” is 
obtained. 

Rectification by Triode 

The three-electrode valve is much more frequently used for 
detection of H.F. A.C. than the diode, except in the case of the 
rectification of large currents. 

The most usual methods of obtaining rectification with the 

triode are by employing : 

1. The lower bend of the 
plate - current grid voltage 
curve (anode bend rectifica¬ 
tion). 

2. The lower bend of the 
grid-current grid voltage curve 
(grid leak rectification). 

Anode Bend Rectification 

Let us take the case of a triode 
whose characteristic Ip, }^g curve 
is A B C D, as shown in fig. 283. 
Let us also suppose that a pure 

sinusoidal E.M.F. abed _etc., 

is impressed on the grid of this 
valve which is set in such a 
manner that when no disturb¬ 
ance is on the grid, the value 
of Ip is B. This method of in¬ 
dicating the voltage applied to 
the grid of a valve is that usually adopted in cases where the 
operation of a valve in practice is required to be represented 
graphically. In the case under consideration the abscissae of 
the curve represent grid voltage, and it is therefore permissible 
to show the input alternating voltage applied to the grid as a 
sine curve, the ordinates of which represent voltage amplitude, 
and the abscissae (which are taken on a prolongation of the 
same line as the ordinates for the plate current) time values. 
Now if we plot various values of Ip for the values of Eg taken 
from abed, we shall obtain some such curve as a' b* c' d\ That is 
to say, the variations of anode current will be asymmetrical 
and would give rise to an audible signal when passed through a 
telephone. 
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All that is necessary, therefore, in the case of anode bend 
rectification is : 

1. To cause the high frequency signals to be impressed 
on the grid of the valve. 

2. To set the valve (by means of the steady grid potential) 
at some position such that it will rectify. 

The circuit diagram for a single valve receiver using an anode 
bend rectifier is given in fig. 284, 
where G.N, is the conventional 
symbol for grid negative. 

Grid Leak Rectification 

In grid leak rectification the 
change of slope of the grid- 
current grid voltage curve is 
utilized. The use of a suitable 
condenser in series with the grid 
enables this change of slope to 
be employed to produce rectifi¬ 
cation. As indicated in fig. 285, 
a high resistance is connected 
from the grid to positive end 
of filament to maintain the grid 
at a suitable potential when 
no signals are being impressed 
on it. 

When an alternating E.M.F. 
is now impressed on the input 
circuit of the valve, the grid 
will start to fluctuate about its 
normal potential. Its increase 
in potential will in general be 
equal to its decrease for the 
first cycle of the E.M.F. Due 
to the form of the Eg curve, 

however, the increase in grid current when the impressed E.M.F. 
is positive is larger than the decrease in grid current when the 
impressed E.M.F. is negative. Hence the side of the condenser 
near to the grid will attain a negative charge and will depress 
the grid potential. The plate current will now decrease. 

The three currents can be represented as shown in fig. 286. 

It will be seen that the function of the resistance R is to enable 
the negative charge induced on the grid by the signal to modify 
the plate current sufficiently without “ choking ” the valve, 
i.e. without causing the grid to attain an increasingly negative 
charge due to the first signal not having leaked away before the 
next one appears. 

Signals of any sort can consequently be rectified by this device 
provided that the time interval between signals is greater than 
the time taken for the grid to return to normal potential. 
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Continuous Oscillations 


As the generation of contin¬ 
uous oscillations in a triode 
depends on a phenomenon 
known as retro-action, it will 
be as well to examine this 
effect first, and then see how 
it can be applied to produce 
a valve oscillator. 

The Principle of Retro-«action 

The fluctuations impressed 
on the plate current by the 
grid control are often utilized 
to feed energy from the plate 
circuit into the grid circuit, 
in order to amplify the poten¬ 
tial applied to the grid so 
that a still greater amplifi¬ 
cation effect can be produced 
Fio. 286. Grid Leak Rectification Signal, the plate circuit. 

Plate, and Telephone Currents. 287 a Coil R 

in the plate circuit is coupled 
magnetically to the coil in the grid circuit, so that the periodic 
variation of the direct current in R which results from the 
oscillating potential on the grid, is able to induce a periodic 
voltage of its own frequency in the grid circuit which stren^hens 
the original oscillating voltage and increases the potential on 
the grid, and therefore the amplitude of the variations of the plate 
current. In this way, a process of “ building up ” the amplifica¬ 
tion effect takes place which may require several swings of grid 
potential before the final value of plate current is reached, and 
as the degree of building up is dependent on the coupling of the 
coil R—known as the “ reaction coil ”—with the grid circuit, this 

coupling is made adjustable. 

Fig. 287, shows this principle 
being utilized to increase the 
rectification current, the valve 
working on that part of its 
characteristic which causes it to 
act as an oscillation detector. 

Fig. 288, employs retro-action 
to improve the amplification 
effect, a crystal in this case being 
used as a detector. 

Energy can be fed into the 
grid circuit from the plate cir- 

Fm.287. Retro-action applied to a Tried, cuit alternatively by means of 
Rectifier Circuit. capacity coupling —a small 
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condenser being connected between them—or, again, by “ resis¬ 
tance coupling,^’ a high resistance being employed for the purpose 


The Valve as a Generator of Continuous Waves (C.W*) 

The energy used up in the grid circuit is very little. If the 
valve is working in the region 
of negative grid voltage there 
is no grid current through the 
valve, and if the grid circuit 
is not supplied with a tuning 
condenser, there is no closed 
oscillatory circuit in which 
energy can be dissipated. But 
suppose the adjustment is 
such that there is both a 
filament-grid current and also 
a grid circuit oscillatory cur¬ 
rent into a condenser, so that 
a distinct loss of energy docs 
take place. Then it can be 
readily understood that in retro¬ 
action we have a means of Fro. 288. Retro-action Applied to a Triode 
feeding into the grid circuit Amplifier Circuit. 



from the plate circuit battery 
—which IS a comparatively 
large source of power—so much 
energy that all these losses are 
compensated for. Or again, we 
may have a tuned plate circuit 
—the oscillations in which are 
subject to damping. Retro¬ 
action may be used to nullify 
this effect. When this state is 
reached, the valve is subject to 
a sustained oscillation, equal 
amounts of energy being fed 
into its grid circuit at regular 
intervals which depend for 
their period on the time con¬ 
stants of the active circuits, 
and the whole arrangement 
comprising the valve with these 



Fig. 289. A Valve Circuit for the Generation 
of Continuous Oscillations (C.W.). 


circuits then becomes an “ oscil¬ 


lation generator,” or “ self-oscillator.” 

Thus, on making contact with the operating key, K (fig. 289), 
a potential difference which is determined by the position of the 
slider on the potentiometer, P, is applied between the grid and 
the filament, and the change which results in the plate current 
passing through the inductance coil, LR, starts an oscillatory 
current in the circuit, LRC, and by means of the magnetic 
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coupling of the coil, R, induces a retro-active E.M.F, in the grid 
circuit which increases the variation in the grid voltage and the 
fluctuations of energy passing through the valve. 

The grid circuit can be tuned, if necessary, as indicated by 
the condenser shown in broken lines, and the reaction coil coupling 
is adjusted to that value which just maintains the valve in the 
oscillating state, so that the action starts immediately the 
operating key is pressed. 

General Theory of Valve Oscillator 

The simplest form of three-electrode valve oscillator is that 
given in fig. 290. It is found that when the value of the mutual 
induction between the plate and grid coils is steadily increased, 

it reaches a certain critical value 
at which oscillations accidentally 
set up in the plate oscillatory 
circuit are maintained automa¬ 
tically. If this mutual be in¬ 
creased above another critical 
value, the oscillations cease to 
be maintained. 

Now suppose that some 
momentary current variation is 
Fio. 290. The most Simple Form of Triode ^et up in the circuit Lp Cp (due 
Oscillator. to the lighting of the filament, 

closing of the H.T. switch, etc.), 
the changing current will be associated with an E.M.F. in the 
same circuit and will induce an E.M.F. in the circuit L^, If the 
senses of the coils are correct for oscillation, this last E.M.F. 
will be magnified by the valve action, the current in the I^ Cp 
circuit will be increased, and that will further increase the 
value of the E.M.F. in the circuit Lg. A similar action to 
that previously described will now again take place, and the 
current will build up in the Lp Cp to some limiting value which 
is fixed by the constants of the circuits, and can be calculated 
from the theory of the three-electrode valve. There will thus 
occur a point at which an increase of the potential in the 
grid will cause no increase in the current in the plate circuit. 
The current in this circuit will therefore fall to its normal 
value and the inductance Lp will cause this current decrease 
to continue, and in the same way that the initial current increase 
was augmented, so this decrease will be accentuated until 
either zero current flows in Lp, or some further limiting action 
occurs. The current in the plate circuit will now begin to 
increase and the original cycle will be repeated. 

In this way the current in Lp will continue to fluctuate with 
an amplitude depending on the factors which limit the extreme 
values of the current, and with a frequency approximately equal 
to the natural frequency of the plate circuit. 

Other circuits of simple valve oscillators are given in'fig. 291. 
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Valve Oscillator Coupled to Aerial 

A rircuit of this nature can be employed to excite an aerial 
for transmitting purposes by 
suitably coupling the aerial to the 
plate circuit—where the change 
of energy is greatest—as in¬ 
dicated at LaL (fig. 292). 

The coupling must be made 
sufficiently weak to allow of 
only one wave being produced 
in the aerial circuit whence it is 
radiated. 

Although two waves cannot 
be created at the same time in 
a C.W. self-oscillating system, 
if the coupling is made greater 
than a certain critical value, un¬ 
stable oscillations are set up on 
one of two waves, neither of 
which is the natural wave of the 
system. 

In fig. 293 a high-tension 
dynamo, D, replaces the plate 
battery, a condenser, Cd, being 
employed to smooth off any 
inequalities in the voltage supply 

to the valve, which in this case {*10^292. A Valve Oscillator Coupled to an 
finds its way to the plate through Aerial. 
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a form of “ plain aerial ” coupling coil, part of which retro-acts with 
the grid circuit as shown. 

The battery in the grid circuit is not provided with a potentio¬ 
meter, and the valve therefore depends solely on the slider 
resistance which controls the filament current to give it the 
necessary adjustment on the straight part of its characteristic 
which is required in order that it shall be able to act first as an 
amplifier and then as a self-oscillator. 

In larger transmitters, where a very high potential is required 
on the plate, it is not always possible to use D.C. generators on 
account of the high insulation required on the commutator and 
their high cost. Alternators therefore are used and the A.C. 

current is rectified before being 
passed on to the plate of each 
oscillating valve. A smoothing 
condenser of fairly large capa¬ 
city is connected trom the fila¬ 
ment of each rectifying valve to 
the filaments of the oscillating 
valves in order to smooth out 
the unidirectional current im¬ 
pulses produced when alternat¬ 
ing current is rectified. The 
A.C. supply is also made use 
of to supply current by means 
of suitable transformers to the 
filaments of the various valves. 
A single transformer wound 
with primary, secondary and 
tertiary is often found the most 
convenient, the primary taking 
current from the mains, the 
secondary supplying current to 
the rectifier filaments, and the 
tertiary current to the oscillating 
valve filaments. Great care has to be taken that the insulation 
between the secondary and the other two windings and frame is suf¬ 
ficiently high to withstand the maximum voltage on the transformer. 

Interrupted Continuous Wave Transmission (I.C.W.) 

If it is desired to employ C.W. transmission, but at the same 
time to affect receivers suitable for picking up spark signals, a 
buzzer may be employed in the grid circuit which is operated 
by the signal key and splits up the C.W. into a regular number 
of oscillation groups corresponding to the frequency of the 
buzzer vibrator. 

Thus, in fig. 294, we have the same oscillating circuit as in 
fig. 298, except that in place of the key and grid battery we have 
now connected the secondary of an iron core transformer, the 
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primary of which is connected in series with a buzzer, key and 
battery. On pressing the key the interrupted current due to 
the buzzer vibrations induces an interrupted voltage in the 
secondary which thereby produces interrupted oscillations of 
a group frequency equal to that of the buzzer interruptions. 

Another method is to cut out the smoothing condensers used 
when rectified alternating current is employed to provide direct 
current to the oscillating valve. 

Without these condensers cur¬ 
rent impulses are supplied to the 
plate of the oscillating valve by 
each rectifier at a frequency 
equal to the frequency of tfie 
alternator, and oscillations are 
generated in the valve circuits 
and aerial only for the duration 
of each impulse so that if both 
the negative and positive halves 
of the alternating E.M.F. are 
rectified interrupted oscillations 
are produced in the aerial of 
a group frequency equal to twice 
the frequency of the alternator. 

The receiving aerial will then 
pick up these groups, they will 
be rectified by the detector, and 
the telephone diaphragm will 
vibrate according to the group 
frequency. 

Another form of I.C.W. which 
is of considerable use for small 
power transmission, and has the 
advantage that only one battery 
is employed, is illustrated in 
fig. 295. The piece of apparatus 
which makes this possible is an 
induction coil PXS. 

When the operating key is 
pressed, an interrupted direct 
current passes through the prim¬ 
ary P, and a comparatively high 
E.M.F, is induced in the second¬ 
ary S. 

Now the valve filament cur¬ 
rent and the coupling of the 
grid and plate circuits are ad-, 

justed so that the valve oscillates Fig. 296 . I.C.W. with One Battery only, 
when a potential is applied 

to the plate of the same value as that produced in the secondary 
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of the induction coil, so that after every interruption at X, a 
train of decaying oscillations is produced in the valve circuits 
which comes to an end as soon as the induction coil and plate 
potential falls below a certain critical value. Trains of damped 
oscillations will therefore be radiated from the aerial having a 
note frequency determined by the induction coil interrupter 
and which will be practically identical in character with plain 
aerial spark transmission. 

Character of the Transmitted C.W. Signal 

In order to examine the action of the detector valve in rectify- 



Fio. 297. C. W. “ Spacing ” Wave of 
Different Frequency to the “ Mark¬ 
ing Wave. 


mg sucn impulses as are passea 
on to it in the case of a C.W. 
signal it may, perhaps, be as well 
to deal in the first instance with 
the form of the voltage which is 
impressed on its input circuit. 

A high-frequency transmitter 
may either radiate 

1. C.W. 

2. A modulated C.W. wave 
(radio-telephony); or 

3. A broken or heterogen¬ 
eous C.W. wave (I.C.W.). 

Graphical examples of these are 
given below. 

Fig. 296(a) represents a 100 
per cent, modulated C.W. wave 
whose actual frequency is that 
of the main radiation called the 
“ carrier,” and whose envelope 
corresponds to the half sine- 
modulation. 

Fig. 296(6) represents a con¬ 
tinuous wave broken to give the 
spacing effect required in tele¬ 
graphy. The amplitude of the 
voltage may be zero during a 
space as in %. 296(6), or it may 
be of less amplitude than the 
marking wave as in fig. 296(c). 

Lastly we may have the spac¬ 
ing wave of a difterent frequency 
to the marking wave, as in fig.297. 

Reception of Damped Oscilla- 

tions 

The detection of damped oscil¬ 
lations such as are shown in fig. 
298(a), after they have been 
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rectified and given the character shown in fig. 298(6), is a simple 
matter, as the signal current through the telephone then consists 
of a number of unidirectional pulses [fig. 298(c)], each pulse being 
the result of one wave train, the pulses following each other at 
a regular rate, this rate being controlled at the transmitter 
and given a value which will not be above the responsive 
limit of the telephone, th^ vibratory limit of the telephone 
diaphragm, or outside the limits 
of the audible frequency band ; 
the note usually having a fre¬ 
quency between 100 and 1,000 
per second. 

Detection of Modulated C.W. 
is also straightforward, as on 
rectification the signal is given in 
the telephone by the modulation 
frequency, provided it falls 
within the audio-range. 

C.W. Reception 

The detection of continuous 
oscillations [fig. 299(a)] is more 
difficult. If they are rectified 
as shown in fig. 299(6) the im¬ 
pedance of the telephone will 
simply smooth them out into a practically unvarying current 
of small value as indicated by the dotted line, and with the 
exception of a small click at the commencement of the signal 
and another when the transmitting circuit is again interrupted 
nothing will be heard in the telephone. 

We can, however, insert an interrupter, often called a 
“ tikker,” in the receiving aerial or detector circuit which 
splits up the C.W. into groups as in damped wave telegraphy, 
giving a result as indicated in fig. 299(c), and if a vibrator is 
used the circuit can be interrupted at a constant frequency 



Fio. 299. Undamped Oscillations Rectified and then Broken Up by ** Tikker.’’ 
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so as to produce a musical note in the telephone. This was 
the first method to be employed with C.W., but it is in¬ 
efficient and is no longer in use. 

It has been superseded by a method based on the following 
principle: 

When the string of a violin is being tuned and it is twanged 
at the same time that a note is sounded on the piano, if the 
string is quite in tune the notes from both instruments sound 
alike and die away together^ But if tliere is a very small variation 
from the in-tune adjustment, a musical “ beat ” is heard, 
that is, at certain intervals the note of the piano appears to 

strengthen the note of the violin, 
and the greater the difference 
in pitch of the two instru- 
nients, the greater is the number 
of beats. 

Suppose we have two con¬ 
tinuous wave oscillations of 
different frequency. Then, if 
they are made to take place 
in the same circuit, the re¬ 
sultant oscillation will have a 
variable amplitude and electri¬ 
cal beats will be produced. No 
matter how high the values of 
the original two frequencies, the 
beat note can be made as low 
as desired. It can therefore be 
made to come within the range 
of audible frequencies. From 
this stage onwards detection is 
straightforward as described 
below. 

Heterodyne or Beat Reception 

Reception on a “ heterodyne” 
or “ beat ” receiver, is therefore 
based on the principle of com¬ 
bining two currents of different 
frequencies to produce a re¬ 
sultant current, the amplitude 
of which varies periodically, the frequency of this variation being 
given by the difference of the two beating frequencies. 

Thus in fig. 800 we have a frequency n combined with a fre¬ 
quency giving a beat frequency of n — which approximately 
corresponds in form to the modulated H.F. output of a telephone 
transmitter. 

When rectified, this E.M.F. will give rise to a plate A.C. current 
as in fig. 801, and this will produce pulses in the telephones of the 
form shown in fig. 802(a), which will give audible signals. 
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If, as an' example, we take the case of the transmission of the 
letter N, after rectification by a grid-condenser detector, the 
voltage variations in the anode circuit of the detector would be as 
shown in fig. S02(h) and the resultant current in the anode circuit 
as in 302(c). _ 


The manner in which this 
principle is applied is indicated 
in fig. 303. Here we have an 
ordinary plain aerial valve re¬ 
ceiver, to the grid circuit of 
which is also coupled an in¬ 
dependent oscillation generator 
G. This generator may be a 
high-frequency alternator or a 
valve oscillator of any suitable 
type. 

Its oscillation frequency must 
be capable of simple and rapid 
adjustment on either side of the 
frequency of the incoming signal 
current. This is obtained on 
a high-frequency alternator by 
speed variation and on a valve 
oscillator by varying the tuning 
condenser. 



Fig. 302. The Smoothed.“ Beat” Current; 
(a) in the Telephone Circuit, ( 6 ) Recti¬ 
fied Telegraph Signal “n,” (c) Steady 
Current in Output Circuit Shown in 
Space for same Signal ” n.” 


The difference between the frequency of the aerial current and 
that of the independent generator gives the beat frequency. 

On a signal wavelength, for example, of 600 metres, corre¬ 
sponding to a frequency of 500,000, the interference wavelength 

must have a value of either 601 - 

metres or 599 metres, that is, a \|4 r | 

frequency of either 499,400 or ^ 

500,600 to produceJ[a beat note-j \ 

of 600 per second. ^ n 1 

This means that the independ- 1 

ent generator requires to be only ^ p ^- -ililiH -i- 

.12 per cent, out of tune. The — T 

more out of tune it is made the 

higher is the note, and only 2 0 I I ^ U <J 

per cent, mistuning is required JL ^ 

to produce a note frequency of 1 0 )q 

10,000 per second, which is too l T 

bi^ a pitch to be heard. _ 

f selectivity ? 303 ^ Circuits Showing a Separate 
of L.W. beat reception. Generator to Produce a Beat Note. 

The two oscillations produce 

a “ beat ** voltage on the grid of the rectifying valve, which 
results in a rectified beat current in the plate circuit and an 
audible signal in the telephone. 
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The Self*«Beat ” or ** Self-Heterodyne ” Receiver 

In place of the independent oscillation generator G (fig. 803), 
a high-frequency circuit LiCi may be provided in the plate 
circuit (fig. 304), which is set in oscillation as previously explained, 
the frequency being adjusted by means of the variable condenser 
Cl, so that it is the required amount out of tune to produce a 
beat note with the signal current, when the two are superposed 

in the grid circuit by the use of 
the retro-active principle exer¬ 
cised through the coupling at M. 
The aerial current then having 
this beat in it, applies a beat 
voltage to the grid, and a recti¬ 
fied current in the anode circuit 
is created which feeds the tele¬ 
phone and produces an audible 
note. 

It is obvious from the above 
that the receiving valve must 
perform simultaneously the 
functions of oscillation and 
rectification. These functions 
which may be performed by 
a self-oscillating rectifier as in 
fig. 304, a further example of a 
simple character being shown in 
fig. 305, majr also be performed 
by two distinct valves, one 
operating as a rectifier, and the 
other as an oscillator, or by a 
valve oscillator and crystal 
detector. In the last two cases 
a “local oscillator ” is said \ to 
be used. 

The Valve as Current Limiter 

T? A a- 11 ^ / a u o Ml A A further use to which either 

Fio. 305. A Simple Form of Self-Oscillat- . • j .i j* j . 

ing Detector, or Self-Heterodyne Receiver. Ihe triode or the diode may be 

, put is that of a “ current 
limiter.” If we work a triode at the top bend of the Ip — Eg 
curve, we can see that no matter what voltage is impressed on 
the grid, the value of the anode current can never exceed the 
value given by the total emission current for the specified Ep 
and If. 

Similarly if we operate’a diode at the top bend of the Ip — Ep 
curve the response is restricted in a like manner for the same 
reason. The valve is then said to perform the action of limiting. 

A series resistance is usually employed to dull the valve 
filament, so that as the saturation current has a low value (see 
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fig. 806), it is possible to operate at the top bend of the character¬ 
istic with comparatively low grid volts, and . hence to decrease 
the anode feed current, and the grid current. 

A more usual method is . to utilize the bottom bend, reducing 
saturation current to the limit. In this arrangement with the 
weak signal no grid current is present, but as the signal gets 
stronger it is limited both by saturation and by grid current. 

This feature is sometimes of great use where signals are being 
received whose amplitude varies considerably but whose output 
it is desired to keep con¬ 
stant. 

In the case of a heavy 
atmospheric, or a very 
strong local station, for 
instance, affecting the grid 
potential, the rectified 
plate current will only give 
a weak response. Or, again, 
short wave signals vary 
greatly in intensity due to 
various causes, and the use 
of a limiter makes the sig¬ 
nal currents more suitable 
for operating relays or 
recording apparatus. 

Superheterodyne Reception 

The difficulties of higli frequency amplification increase as 
the frequency of the incoming signal becomes higher, or as the 
wavelength decreases. 

Also, the sensitivity of detectors decreases with diminution of 
the amplitude of the a])plied high frequency signal, and we are 
thus led to the conclusion that some form of high frequency 
amplification of signals, e^'cn if they are of very high frequency, 
is essential. 

In the “ superheterodyne ” receiver, the problem is overcome 
in the following favShion. 

The incoming high frequency signals are reeeiv^ed on a tuned 
circuit in the ordinary way, but are immediately heterodyned b}^ 
an auxiliary oscillator to a new and lower frequency. This 
frequency is still, in general, above the audio range, but it is 
of such a wavelength that amplification can be fairly efficiently 
carried out. After being heterodyned, the signals are rectified 
in the usual way—a process which is sometimes called 
“demodulation” or “detection”—and amplified to as great a 
degree as is necessary. 

It should be noted in this connection that the first rectification 
of the signal is rendered necessary by the fact that it is the average 
voltage of the applied signal which acts on the subsequent 
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amplifiers, and that this average voltage is still zero before 
rectification, even after beats have been produced. 

After amplification at this intermediate frequency the signals 
are again rectified and amplified still further if necessary by 
note magnifiers. 

Let us suppose, for instance, that we wish to receive a waye- 
len^h of 100 metres, corresponding to a frequency of 3,000 kilo¬ 
cycles. A special oscillator would be employed to produce a 
beat with this frequency of, say, 100,000 cycles. This beat current 
is detected and amplified by the aid of an ordinary high-frequency 
amplifier. After amplification, it is again detected and passes 
to the telephones or to the note magnifier. 



A circuit diagram of the first stages of such a receiver is shown 
in fig. 307 and a complete diagram of connections in fig. 308. 


Super •'Regeneration 

• We have seen that by employing retro-action or reaction coup¬ 
ling between an amplifier and detector, the damping of the 
circuit can be diminished and very high magnification obtained.. 
When this system is used, however, a tendency to oscillation 
occurs, and if such oscillation actually takes place, the receiver 
becomes useless for any practical purpose, 

A circuit has been developed which allows the use of a strong 
reaction coupling, and at the same time checks this tendency 
to self-oscillation. This is done by utilizing circuits having 
so-called “ negative resistance,” which are altered in such a way 
as to prevent spontaneous oscillations from taking place. 

When in a reaction circuit the coupling between the anode 
and grid circuits is made of a suitable value, more than 
sufficient energy is added to the oscillatory circuit than is re¬ 
quired to overcome the loss due to the circuit damping, so that 
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the oscillations in it do not die away as under the action of ordin¬ 
ary resistance, they actually increase in amplitude as if there 
were a “ negative resistance ” present, and hence the term. This 
type of circuit is applicable to continuous waves, but not to 
damped waves and telephony on account of the distortion which 
occurs. 

In order to avoid this distortion while keeping the high am¬ 
plification due to the reaction, the train of oscillations is broken 
at an inaudible frequency. This result can be obtained in many 
ways by acting on the anode or grid circuit of the oscillating 



valve so that the oscillations are rapidly quenched. The result 
can be obtained : 

1. By raising the resistance of the grid eireuit j at the 

2. By lowering the anode potential inaudible 

3. By raising the grid potential ) frequency 

or by combinations of the above methods. 

If the frecjuency of these interruptions is just above the audio 
limit, or “supersonic,” they will not act on the telephones and 
will not cause distortion. 

Under these conditions the resistance of the oscillatory circuit 
is sometimes negative and sometimes positive. During the 
negative periods great amplification of currents is obtained, 
while oscillations due to the reaction coupling are suppressed 
during the time that the resistance of the circuit is positive. 

In fig. 809 a circuit is shown in which an auxiliary oscillator, 
V„ is employed acting on the anode potential of the reaction 
valve, Vj. 

The oscillations generated in the circuit LjCj are of the order 
of 20,000 cycles, and these lower the anode potential of the 
valve Vi 20,000 times a second. 

804 





FOR WIRELESS TELEGRAPHISTS 



In the second circuit shown (fig. 310), the oscillations in LiQ 
are cut off by the oscillator V 2 which acts on the original potential 
of the grid of the valve V,. 


The Shielded Grid Four-Electrode Valve 

In addition to unwanted reaction caused by “back coupling” 
of the circuit components, a certain amount of energy feed-back 
occurs through the valve itself, due to the inherent capacity 
existing between the grid and anode of the ordinary three- 
electrode valve. ,-- 1 


The “shielded grid” four- 
clectrode valve is designed 
to })revent as far as possible 
accidental reaction effects 
and consequent oscillation, 
by the interposition of an 
earthed screen in the form 
of a second grid between 
the control grid and the 
anode of a triode valve. 
In this way the self cap¬ 
acity between the grid and 
anode and hence the back 
coupling between output 
and input circuits is re¬ 
duced to a minimum. 

One ty])c of shielded grid 
valve is shown in fig. 311. 
Normal valve construction 
is Ibllowcd with the excep¬ 
tion that the anode is taken 
to a connection mounted 
at the top ol* the glass 



Fio 311 The “Shielded Grid” Four-Electrode 
Valve. 
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envelope, the four pins at the base being used for filament, control 
grid and screen grid connections. 


Shielded Grid Valve Characteristics 

The slope of the screen grid valve characteristic (see 
hg. 312) will give us the reciprocal of the plate to filament 
resistance of the valve, and we can see from the table given 
below, which shows values of [Xo and Rp taken at different 
values of Ep on a particular valve, that this plate to filament 
resistance is variable over a wide range. 


V 1 

K,.- 

«/-• 

.1 

fi 0- 1 

/i()/Rp -j 

(expressed in Ma/volt). 

f 80 1 

+ 80 

! 

11,000 

4.4 

.4 

90 


40,000 i 

16 

! 

100 


65,000 

33 

1 .5 

110 


116,000 

56 

.5 

120 1 

99 

i 175,000 

112 

.64 


Egi is screen grid volts. 

The value of (jlo increases very greatly with rise of Ep. 

The best magnification using a Marconi S.625 valve is usually 
given with Ep = 120 or more and E^i = 80. 

A circuit using a screen grid valve for H.F. magnification is 
shown in fig. 313. The screen grid is connected to a 
source of about + 80v., and is earthed as regards H.F. through 
a large efficient condenser, the anode being connected through the 
usual coupling arrangement to + 120v. H.T. The input circuit 



Fio. 312. Characteristic of the “ Shiel«ie(l 
Grid Four-Electrode Valve. 


is connected between a control — -►lt. 

grid and filament as in the case X 
of the triode. ^ 

In the type of valve of 

fig. 311 , the anode is com- A ‘‘Shielded Grid» Valve 

r 1. 1 • 1J J 1 1 • .1 Amplilier Circuit. 

pletely shielded by enclosing the 

control grid within the screen grid. The anode connection is 
taken out through the top of the valve, and no external shielding 
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is required. The four electrodes in the valve base can be fitted 
into a standard socket. 

In the design of sets employing more than one stage of screened 
grid amplification, it is essential that extreme care should be 
taken to make the screening effective so as to reduce reaction 
effects as far as possible. Thus in a two stage H.F. amplifier it 
is necessary to screen each collection of coils, valves, and other 
circuit components, separately and completely. 

It is due to the extreme difficulty of obtaining perfect shielding 
between adjacent coils, and other parts, that the very high theore¬ 
tical magnification factors of these valves cannot be obtained 
in practice. In cases where large, low-damped coils are used, 
producing very powerful magnetic fields, this complete shielding 
often becomes impossible, and the coils have to be artificially 
(lamped by placing across them external resistances. The electro¬ 
static fields of the tuning condensers are often very troublesome, 
and as much attention should be paid to screening these from 
one another as to the shielding of the coils themselves. 

The four-electrode valve being essentially designed to eliminate 
end-to-end reaction is intended to give very high stage magnifica¬ 
tions without the use of reaction, l)ut in eases where perfect 
stability is assured, artificial reaction in the detector circuit may 
sometimes be added with advantage. 

The Pentode 

The bombardment of the plate by electrons from the cathode 
may result in other electrons becoming dislodged from the plate, 
and what is called ‘‘ secondary emission ” takes place. 

This effect is not of great importance in diodes and triodcs as 
the secondar}' electrons ultimately return to the plate and in con¬ 
sequence no appreciable limitation in valve performance results, but 
in the tetrode or screen grid valve, the screen is also at positive 
potential and fairly near the plate, and these secondary electrons 
may be attracted to the screen—particularly when the plate voltage 
swings below that of the screen—with consequent loss to the plate 
current and reduction in the range of swing of the plate voltage. 

To prevent this happening a 
fifth electrode, see fig. 314, called 
a “ suppressor,” is fitted be¬ 
tween the plate and the screen, 
and is connected in the general 
case to the cathode. As this 
electrode has a negative jiotcntial 
in respect to the plate its effect 
on the secondary electrons is to 
drive them back into the plate 
so that this type of valve, which is called a “ pentode,” can work 
with higher plate current and a deeper plate voltage swing than 
a tetrode of the same general design. 
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The principal applications of the pentode are : 

1. At audio or output frequencies to provide for a lar^^c 
power output with high gain. 

2. At radio frequencies to provide high voltage amplifica¬ 
tion at low values of plate voltage. 



Amplifier. 

A typical circuit for a pentode of the first type is shown in 
fig. 315. This illustrates a PT .2 type pentode designed for use 
as a Class A amj)lifier and battery o[)cration, and the figure shows 
the coupling to the previous stage. In this circuit the input 

coupling condenser C 3 should be 
0,1 /xF and the grid resistance 
Ri may be made as low as the 
load effect of the resistance R 3 on 
the previous valve permits, and 
should not exceed 2 megohms. 

A circuit for a pentode of the 
second type is shown in fig. 316. 
In this case a pentode type W.63 
is used as an R.F. amplifier pre¬ 
ceding an R.F. stage, and as 
manual gain control is to be used 
the eartliy end of the input cir¬ 
cuit is connected to the cathode. 
Adjustable positive potential for 
the cathode is taken from the 
lower resistance R^q 
poicntiometer. Hesistance Rj is 
included in the (‘athode lead to 

Fm. 317. PenUMle as G.i.l-U-ak Uctertor the bias falling bclow t he 

and L.i\ Amplifior. minimum figure of >~3. 
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A further application of a pentode is shown in fig. 317. This 
illustrates pentode VP.21 which has variable mu characteristics 
and is designed for battery operation and is in this case used as a 
(combined grid leak detector and L.F. amplifier, employing resist¬ 
ance capacity coupling to the following stage. The input circuit 
CiRi gives good results with C, =0.3 /xF and R^ =: 2 megohms. 

We have now considered several cases where the valve has been 
specially designed to give the best results for one specific purpose. 

It is clear that by modifying the construction and by decreasing 
the number of electrodes we can provide a selection out of which 
only those electrodes need be used which give the required 
characteristics, so that within a limited range the characteristics 
of one of these valves can be adjustable to suit various purposes. 
The term multi-elcctrodc ” is applied to all valves of this type. 

Multi'^Unit Valves. The Heptode 

A further stage in development is reached when the functions 
of two or more valves are carried out by employing a special 
electrode assembly grou])ed in a single valve. The term “ multi¬ 
unit ’’ valve describes this type. 

The heptode type X.21 is a multi-unit valve. It is used as a 
“ mixer ” or “ frequency changer.” That is, it can be employed 
to generate the frequency in a local oscillator of a superheterodyne 
circuit and at the same time mix this frequency with the radio 
frequency signal a])plied to another electrode to produce the 
desired intermediate frequency. The valve is designed to give 
a satisfactory conversion conductance together with a low plate 
current, and due to the small interaction between the oscillator 
and mixer sections, it is suitable for short wave operation. 

A typical heptode circuit is shown in fig. 318. 

The Triode-Hexode 

The “ triode-hexode ” is also a multi-unit valve used as a 
mixer in a superheterodyne circuit, but the two units in the valve 
are more independent, have better characteristics and are more 
adaptable to a variety of conditions than the heptode. The 
triode-hexode type X.41 is a typical example. It employs an 
indirectly heated cathode, common to two sets of electrodes, 
(1) the hexode, and (2) the triode. In the operation of the 
hexode four grids and an anode surrounding the cathode are 
employed, which arc used in the following order starting from 
tlu^ cathode : control grid, (i.l ; screen grid, G.2 ; mixer grid, 
(i.3 ; screen grid, (i. I ; and finally the plate. The two screen 
grids arc connected together inside the valve and shield the 
mixer grid from the control grid and plate. The triode grid is 
connected to the mixer grid internally so that oscillations gener¬ 
ated by the triode modulate the electron stream from the cathode. 
The more complete separation of the two units in the valve permits 
successful operation at higher frequencies, such as 40 megacycles, 
than with the heptode and considerably increases the gain possible. 
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Fia. 318. The Heptode Frequency Changer. 


The circuit recommended by the M.O. Valve Co. for use with 
this valve is shown in fig. 319. 

Automatic Volume Control 

The next multi-unit valve we shall discuss is one which has 
been designed specially to meet the demand in modern broadcast 



Fig. 319. The Triode-Hexode Frequency-Changer. 
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receiver practice for an anti-fading device. This has produced a 
new feature in receiver design called automatic volume control, 
which operates in such a way that when powerful signals are 
being received the variation in intensity due to fading can be 
practically eliminated at the expense of a reduction in sensitivity 
of the receiver. This result is obtained by causing the incoming 
signal at radio frequency to create a correcting signal in the 
circuit which regulates the gain of the radio frequency or the 
intermediate frequency amplifier stages so as to maintain 
essentially (constant the carrier input to the audio detector. 

One of the special valves which allow the triple operation 
necessary to take place among its self-contained electrodes is 
known as the double-diode triode. 


The Double*«Diode Triode 

The double-diode triode is a multi-unit valve designed for 
use in a circuit which combines the ‘ functions of a detector, 



ainplilier, and autoinatic; volume controller. Using a common 
indirectly heated cathode one diode is used as a detector, the 
triode as an audio frequency amplifier and the second diode is 
connected to give automatic control in conjunction with the 
valves in the earlier stages of the receiver. The two diodes are 
electrostatically screened from tlte triode section and the triode 
has a moderately high amplification factor. 

A suitable circuit with the component values recommended is 
shown in fig. 820. 
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Fio. 32i. Half-wave Dioile Detector Ci 
illustrating the principle of A.V.C. 


The combined circuit LC and 
the intermediate frequency trans¬ 
former is connected to the signal 
diode and the audio component 
appears across the resistances R, 
and Rj, by-passed by the con¬ 
denser Cj. 

The second diode, which is pre¬ 
ferably connected to the primary 
of the intermediate frequency 
transformer to reduce side-band 
noise on tuning-in, produces a 
voltage for the A.V.C. circuit 
across the resistances Rg and R^. 
The audio signal is taken with the 
volume control Rg to the triode 



P'lo. 322. Full-wave Double-Diode Triode 
A.V.C. Schematic Circuit. 

grid and appears in an amplified 
form across the resistance Rg. 

How A.V.C. can be provided 
is shown in the following simple 
ease. In the half-wave diode 
detector circuit of fig. 321 the 
anode signal voltage is obtained 
across tne load resistance R, 
and the end connected to the 
cathode is positive relative to the 
end connected to the LC circuit. 
The end connected to the LC 
circuit can therefore be used as 



Control Circuit. 
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a source of negative potential for applying a bias to the grids of 
the RF amplifier valves, ^his bias must be made sufficient to 
adjust the RF valves used for the control to a sensitivity suit¬ 
able for reception ; then, should the RF signal fall in strength this 
will cause a fall in the voltage aeross R, which will in turn lower 
the voltage on the control valve or valves so that the sensitivity 
of the receiver tends to rise and the volume remains approxi¬ 
mately the same as before. On the other hand a stronger signal 
would increase the volt drop across R and this in its turn would 
increase the negative potential on the control grid and so reduce 
the sensitivity of the receiver so that once again normal output 
would be obtained. The complete full-wave double-diode triode 
detector amplifier circuit for A.V.C. is again illustrated in fig. 322. 

Delayed Automatic Volume Control 

Delayed automatic volume control, or D.A.V.C., is a modifica¬ 
tion of A.V.C., the operation of which is delayed until a certain 
minimum strength of signal is received ; A.V.C. operates for any 
strength of signal. To obtain a circuit which operates in this 
manner a small battery having the voltage of the agreed minimum 
strength of signal is connected in scries with the load resistance R, 
as shown in fig. 323, and this ensures that the device will not 
operate until this battery voltage is exeeeded. 

Double^Diode Pentode 

A further illustration of a multi-unit valve with its appropriate 
circuit is shown in fig. 324. In this case we illustrate a double¬ 
diode pentode, type WD.30, which contains in one bulb an 
indirectly heated cathode, a variable mu pentode and two diodes. 
This type of valve is used for a similar purpose to the previous 
type discussed and combines a detector, amplifier and automatic 
volume control. The pentode section is adaptable for either 
radio or audio frequency and the diodes may be operated together 
or separately. In fig. 324 the pentode is working as an R.F. 
amplifier followed by diode detection and delayed A.V.C. The 
A.V.C. diode is connected up by a condenser to the pentode anode 
instead of the secondary of the constant frequency transformer, 
thus partially obviating “ side band screech.” 

Midget Valves for Audio Frequency Amplifiers 

This section would be incomplete without some reference to 
the midget valve which has revolutionized the design of miniature 
audio frequency amplifiers. The H.ll and L.ll are triodes which 
are 60 mm. high and 25 mm. in diameter. The directly heated 
filament consumes only one-tenth of an ampere at one volt and has 
characteristics as shown. The H.ll can also be used as a grid leak 
detector. Three typical circuits are given in figs. 325, 826 and 327. 

Fig. 325 give^ a typical two-valve circuit where an H.ll valve 
is transformer coupled to one L.ll in the anode circuit of which 
is the telephone. The connection of the H.ll control grid to the 
resistances Rg and R^ provides a bias on the grid of about J volt 
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when the supply is 36 volts. The valve filaments are in series 
and are connected as shown, so that the voltage-drop across the 



Fi(i 325. Midget Triode Amplifier Circuit. 
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Fio. 32G. Midget Push-Pull Circuit. 


L.ll filaments may be used to bias the H.ll valve, semi-automatic 
bias of this type being desirable as it will automatically decrease 
as the H.T. battery ages. Bias for the L.ll is provided by the 
resistance Rj in the negative H.T. lead. 

The push-pull circuit of fig. 326 is used when a greater output 
is needed than can be obtained with one valve, the output of the 
two L.ll’s being combined in the transformer T.5, which should 
have such a ratio that it provides a load for the L.ll valves of 
about 45,000 ohms. 
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In fig. 327 the H.Il is being used as a grid detector. Semi¬ 
automatic bias is again used as in fig. 5 and fig. 6, and the H.ll 
grid is connected to the positive side of the filament through a 
2-megohm resistance. 

Wireless Telephony by means of the Oscillating Valve 

Speech frequencies may cover the whole range of sound from 
10 to 10,000 cycles per second, the average frequency being about 
800 per second, and if they have to be faithfully transmitted 
through space the electrical vibrations on which they are super¬ 
posed must have a frequency much greater than that of the 
highest audible note. The main electrical vibration is called 
the “ carrier wave ” and is given any convenient high-frequency 
value, say, 100,000 or 1,000,000 per second, corresponding to 
wavelengths of 3,000 metres and 300 metres respectively. Trans¬ 
mission on 30 metres and less is also now employed, when pro¬ 
pagation conditions are satisfactory. The carrier wave should 
produce no note of its own, and therefore must consist of un¬ 
damped or continuous oscillations. A high-frequency alternator 
could be employed or alternatively an oscillating valve. 

Aerial Control 

There are several methods of 
modulating an oscillating valve, 
and we shall now consider these 
in detail. In the first, as re¬ 
presented in fig. 328, we 
haye a valve C.W. transmitter 
coupled to an aerial, and in the 
aerial is inserted a micro¬ 
phone M. The microphone is 
an arrangement of carbon gran¬ 
ules in a flexible box whose 
electrical resistance can be 
altered by means of vibrations 
set up in the wall of the box. 
It is fitted with a mouthpiece, 
and vibrations are created by 
the voice of the operator when 
he speaks into this mouthpiece. 

Then suppose the aerial is 
excited by the valve circuit 
so that it is radiating C.W. 
When the operator speaks into 
the microphone the resistance of the aerial alters in magnitude 
with the amplitude of the speech vibrations, and the amplitude 
of the C.W. oscillations in the aerial alters in magnitude with its 
change in resistance, and the speech effect is thus imposed on the 
radiated waves as a comparatively slow but variable modulation 
as shown in fig. 329. 
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TELEPHONE MODULATION OF C.W. 


Fig. 320. Speech Modulation of a C.W. ('arrier. 

Grid Control 

Instead of modulating the aerial oscillations directly, as 
described, which is an inefficient method, they can be made to 
vary with the voice by causing 
the microphone speech currents 
to act on the valve grid circuit 
so as to influence the voltage 
applied to the grid. This method, 
known as “ grid control,” affects 
the nature of the continuous 
waves produced by the valve 
oscillator as it alters both their 
amplitude and wavelength. 

In fig. 330 the filament battery 
is employed to provide the direct 
current for the microphone, 

M, which is in circuit with 
a transformer, so that the varia¬ 
tions of current produced by 
speech induce E.M.F.’s in the 
transformer secondary which 
modify the C.W. oscillations in 
the circuit L,* and C,;, and thus 
are transmitted by means of 
the resulting additional varia¬ 
tions of grid potential to the 
plate circuit and thence to the 
aerial. The variations of aerial 
current may be observed on the 
indicator T. 
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Choke Control 

A third method known as “ anode ” or “ choke control, 
causes the speech variations to be applied to the plate circuit 
of the oscillating valve, and in order to make these powerful 
enough it is generally necessary to employ the amplifying power 
of an additional valve called the “ control ” valve. 

If an oscillating valve is supplied with D.C. it radiates a pure 
continuous wave. But if the supply voltage fluctuates, these 
fluctuations are impressed on the outgoing H.F. and the latter is 
thus modulated by the fluctuations. Hence one method of radiating 
a speech controlled wave will be to arrange for the speech to vary the 
supply voltage directly. This is done by the circuit shown in fig. 381 
known as anode or choke control, where 0 with its circuit is the con¬ 
tinuous wave oscillator and C the control valve, the grid potential 
of the latter being varied by the speech in the microphone. 

The iron core choke L is a necessary feature of anode control, as 



Fig. ^^31 . Valve Telephone Transmitter Employing “ Anode ” or 
“ Choke ” Control. 


it is by virtue of the inductance of this choke that the fluctuations 
of current through the control valve are transformed into corre¬ 
sponding changes of anode potential which are passed on to the 
oscillator and modulate it. It can easily be seen that if a choke 
is not used any change of grid potential on the modulator would 
merely cause a fluctuating current to be drawn from the supply, 
but no change would be made to the oscillator. 

Modulation by this method alters both the C.W. amplitude and 
the principal wavelength, and also introduces harmonics and 
overtones so that a very strong total effect is produced. 

Lastly, we may employ what is kno\vn as a “ power ampli¬ 
fying ” system. In this, a self-oscillating or separately excited 
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small power valve is modulated by means of a choke control 
modulator, and the resultant modulated frequency is amplified 
by means of a series of valves in cascade to give a very high power 
output to the aerial. 

The method is almost exclusively used for high power broad¬ 
cast sets and need not be dealt with in detail here. 

The operating constants of a number of types of receiving, trans¬ 
mitting and rectifying valves used on ship receivers and transmitters 
are given below. 

RECEIVING AND RECTIFYING VALVES 

Mutual Max. 






Max. 


Amplifi- 

Con- 

Screen 



Fil. 

Fil. 

Anode 

Impedance cation ductance Grid 

TTpe. 

Purpose. 

volt. 

amp. 

volts. 

ohms 

factor. 

ma/V. 

volts. 

HL2 

General Purpose Triode 

2.0 

0.1 

150 

18,000 

27 

1.5 


S23 

Sg. H.G. Amplifier 

2.0 

0.1 

1.50 



1.1 

70 

VP21 

TI.F. Pentode var. .. 

2.0 

0.1.5 

150 



1.1 

60 

LP2 

L.F. Amplifier .. 

2.0 

0.2 

1.50 

3,900 

15 

3.85 


P2 

L.F. Amj)liHer .. 

2.0 

0.2 

1.50 

2,1.50 

7.5 

3.5 


X2l 

Heptode Freq. Clianger 

2.0 

0.1 

1.50 




70 

KT2 

Output Tetrode 

2.0 

0.2 

150 



2.5 

150 

Z21 

H.F. Pentode .. 

2.0 

0.1 

150 



1.7 

150 

W21M 

Var. n H.F. Pentode .. 

2.0 

0.1 

150 



1.4 

120 

DH63 

Double Diode Triode .: 

6.3 

0.3 

250 

58,000 

70 

1.2 


KT66 

Output Tetrode 

6.3 

1.27 

400 



6.3 

300 

W63 1 

KTVV63 f 

Var. fi II.F. Pentode .. 

6.3 

0.3 

250 



1.5 

125 

X63 

Heptode Freq. Clianger 

6.3 

0.3 

250 




100 

X05 

Triode Hexode.. 

6.3 

0.3 

250 




100 

L63 

Triode .. 

6.3 

0.3 

2.50 

7,700 

20 

2.6 


X31 

Triode Hexode,. 

13 

0.3 

250 




80 

1)1130 

Double Diode Triode .. 

13 

0.3 

200 

18,000 


4.5 


KT30 

Output Tetrode 

13 

0.3 

250 



3.9 

250 

L30 

Triode .. 

13 

0.3 

200 

2,860 

12 

4.2 


KT32 

Output Tetrode 

26 

0.3 

135 



9 

135 


U30 Full Wave Rectifier .. 26 0.3 250+2.50 Max. DC. Ma. 120 


POWER RECTIFYING VALVES 



Fil. 

Fil. 

Max. 

A node 

Max Con¬ 
tinuous 

Total Impe- Anode Output Amplifica- 

Emissiori dance Dissipation D.C. Kectified tion 

Type. 

Volts. 

Amps. 

Volts. 

m/a- 

ohms. watts. Volts. Current. 

Factor. 

MRl 

9.0 

5.75 

10,000 

350 

1,500 100 


.MR4 

12.5 

0.3 

10,000 

400 

1,500 150 10,000 160 


MT«B 

TRANSMUTING AND MODULATING VALVES 

15.5 10 10,000 000 15,000 200 

30 

IMT12 

12.5 

5.5 

2,000 

450 

15,000 200 

20 

MTU 

13.5 

13.5 

4,000 

1,000 

10,000 400 

30 

T250 

12.5 

5.5 

4,000 

450 

17,0(K) 125 

20 

OETl 

6.0 

1.9 

1,000 


6,500 35 

11 

l)ET5 

4.0 

2.0 

000 


1,265 25 

9.5 

X)ET7 

4.0 

2.0 

400 


25,000 25 Screen grid volts 200 

100 

ACT6 

10 

1.5 

1,500 


4,600 75 

22 

Ers 

4 

1.7 

1,250 


40 Screen grid volts 300 



31» 




HANDBOOK OF TECHNICAL INSTRUCTION 


CHAPTER XX 

DEPTH SOUNDING 

T he old method of obtaining with the hand lead line the 
depth of water in which a vessel is travelling has been 
superseded largely by methods of electro-acoustical sounding in 
which more or less continuous records of depth are obtained 
automatically. One of two electro-mechanical phenomena are 
utilized in instruments designed for this purpose. The first is 
the piezo-electric property possessed by certain crystals, among 
others quartz, tourmaline, certain nitrates, etc. The second is 
the magneto-strict ion effect observed in magnetic materials. We 
shall consider these effects in what follows. 
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Fi(i. 333. The“ Piezo-EIeclric ” Effect in Quart/,. 


causes an elongation (or contraction) of the slab of 6.45 x 10- 
cm. per cm. 

The method of cutting the slab and of applying the pressure 
or voltage is shown diagrammatically in fig. 333. 

Tliis piezo-electric crystal can therefore be used as :— 

(a) A receiver of acoustic vibrations, incident on its face, 
when it will generate voltages in accordance with the ampli¬ 
tude of the incident vibrations. 

(b) A transmitter of such vibrations, for acoustic vibrations 
will be produced when the slab is subjected to electrical 
potentials. Moreover, these vibrations will be directive if the 
diameter of the slab is great in relation to the wavelength 
of the oscillation generated. 

MagnetO'-Striction 

If a rod of nickel, for instance, be subjected to a magnetic 
field, the rod will contract as the field increases. Certain other 
materials such as manganese will expand, steel will first expand 
and then contract. Cobalt will first contract and then expand. 

The extent of movement under D.C. field for these materials 

can be seen on reference to 
fig. 334. 

G. W. Pierce in America 
was the first to utilize mag- 
neto-strictive rods of definite - 
longitudinal vibration fre- - 
quency and to energize these 
at or near this resonant fre¬ 
quency. In this way the 

figures were considera¬ 
bly increased. Fig. 334. The Magneto-Striotion Effect. 
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Depth Sounding Devices 

The principle on which the depth sounding devices to be 
described below is based is as follows : A projector is fitted in 
some position under the hull of the ship and this is caused to 
produce a compression wave which travels to the sea bottom and 
is reflected back to the ship. Here it is detected and the time 
interv al t between transmission and reception is noted. The depth 

of the water under the ship is then given by d = . Either an op- 


tical oscillograph system or elcetrolytie recorder is used to measure 
t and to give the depth on a scale marked in fathoms 7 ) is the 
velocity of the wave through the water. In the ease of piezo¬ 
electric projection the same apparatus which is used for projection 
is also used for detection, so that the essential elements of a 
depth-sounding instrument are as shown below, the electrical 
system in fig. 335 and the optical system in fig. 336. In the ease 
of magneto-striction apparatus separate elements are used for 
projection and reception. 

A spark transmitter of a very elementary type is used to 
energize the projector through coils A and C and the transformer I). 
At the same instant clockwork starts to drive the top mirror via 
the line F. On the receipt of the reflected signal the indicator 
is again actuated through the coils li and C and the line K. The 
interval between the two signals is shown as the dejith on the 
indicator. 


Optical System for Echometer 

The optical system comprises a light source, an oscillograph 
mirror, and a clockwork driven mirror and a scale. The light 
source and associated lens .system causes a sj)ot of light to be 
projected in the scale after reflection at the oscillograph mirror 
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and the clockwork-driven mirror. When this latter rotates 
the light spot traverses the scale, and the angular velocity of the 
mirror as recorded on the scale is arranged to be equal to 
the velocity of the compression wave in sea water. This mirror 
starts to rotate at the same instant that the spark transmitter 
is energized. When the projector sends out its impulse the 
oscillograph mirror is actuated and causes the light spot to move 
up momentarily on its travel. Immediately afterwards the spot 
reverts to its linear trace until the oscillograph mirror is again 
actuated by the projector on receiving the reflected pulse. 



Fig. 33G. Depth-Sounding Optical System. 


The complete trace will therefore appear as in fig. 337, and the 
depth of water under the ship can be read off. Usually the 
projection impulse is made to occur on the scale at a reading 
corresponding to the draught of the ship, in which case the depth 
of water will be given at once by the reading corresponding to 
the position of the reflection impulse. 


Type 429 Electrolytic Recorder 

If a permanent record of dq^ths is desired an electrolytic 



Fig. 337. Echometer. Trace of Light Spot. 
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recorder can be fitted to any echometer in place of or in addition 
to the oscillograph system. This recorder consists essentially of 
a light oscillating arm which traverses a band of sensitized paper. 
Depths are recorded on the sensitized paper by a stylus attached 
to the moving arm, which is cam-operated by a small electric 
motor maintained at constant speed by a goyernor. 

Referring to fi^. 338, 

The band (A) ot specially sensitized recording paper, 7Jins, wide, 
passes continuously across a metal inscribing table. The table (B) 
forms the negative pole of an electrical circuit. A light moving 
arm (C) carrying a stylus (D) crosses the paper band, transversely, 
from left to right for each sounding. The speed of traverse of 



Flu. 338. Fchoineter Electrolytic Recorder, Typo 429. 
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the stylus across the recording paper is synchronized with, and 
proportionate to, the time taken by a sounding impulse to pass 
from the ship to the sea-bottom and to return as an echo. The 
stylus forms the positive pole of an electrical circuit, of which 
the inscribing table is the negative. At the instant at which the 
stylus starts to cross the sensitized paper band, a brief, ultrasonic, 
sounding impulse or transmission is sent out by means of the 
projector fitted in the ship’s hull, and simultaneously a valve 
amplifying circuit in the Echometer causes a momentary current 
to pass from the stylus (D) through the sensitized paper (A) to 
the table (B), which registers a well-defined narrow mark on the 
record band at its top edge. (The top edge is the left side of 
the record as its emerges from the recorder.) This transmission 
mark can be set to register the draught of the ship, in which case 
the corresponding echo mark will represent the true depth from 
tlie surface of the water to the sea bed. 

A brief instant after the sending out of a transmission impulse, 
its echo returns from the sea bed. The eeho causes a pressure 
wave to strike the projector, which results in the generation of a 
small amount of electric energy, which passes via the amplifier 
and operates the stylus, causing it to register another and equally 
narrow mark on the sensitized paper. wSince the stylus will 
meanwhile have been passing transversely across the record paper 
at a speed synchronized with the passage of the underwater 
sounding impulses from the ship to the sea bed and back, it follows 
that the second, or echo mark, will appear on the paper at a 
])oint sej)arated from the first, or transmission mark, proportional 
to, and corresponding with, the depth of water sounded. This 
sccpicnce is re])eated continuously, i.c., transmission mark followed 
by echo mark. 

As the record pai)er (A) continues its passage across the in¬ 
scribing table (B), successive transmission marks arrange them¬ 
selves in a line close to, and parallel with, the left-hand edge of 
the record, whilst successive marks made by the returning echoes 
form a contour line, showing depths of the sea bed. The actual 
depth is read from the beginning of an echo mark. 

The number of soundings per minute is 30. 

A special counter mechanism is fitted so that the stylus draws 
a dark line across the paj)er at the end of each minute. 



Fio. 33?) Soundings taken by Marconi Electrolytic Kccord»‘r in approaching Toint 
C^arleton, Nova Scotia. 
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A stroboscopic speed tester is fitted. It is easy to check the 
speed by this means. 

A typical record is shown in fig. 839, which depicts the sea bed 
on approaching Point Carleton, Nova Scotia. 

Marconi Apparatus 

Three types of piezo-electric echometer or depth-sounding 
apparatus have been produced by the Marconi Company. 

Type 414'. The production of this model ceased December, 
1931, and the model is now obsolete. 

Type 421. “ Two piece ” instrument. The top or indicating 

portion is known as type 421A and the bottom as 42lB. 

Type 424. “ Single piece ” instrument. 

l.\jpe 421 Echometer, 

The set (fig. 340) consists of the following essential parts :— 
(a) The Projector in the bottom of the ship. 

{h) The “ Bottom Section,” which contains the Trans¬ 
mitter and Amplifier. 

For indicating the depth either or both of the following may 
be fitted :— 

(c) An Oscillographic Indicator, which indicates the depth 

by a ” peak ” of light on a 
scale. 

(d) An Electrolytic Re¬ 
corder which records each 
sounding on sensitized paper. 
The oscillograph indicator is 
particularly useful when a quick 
sounding is required, as it can be 
brought into use instantaneously 
whereas it takes about a minute 
to pull paper through the re¬ 
corder and get it into use, if it 
has not been in use for some time 
previously. 

Whichever is in use, the general 
principle is as follows. When 
the set transmits, the projector is 
momentarily energized at a high 
voltage by a spark transmitter. 
The projector vibrates at high 
frequency and emits a “ disturb¬ 
ance” to the water. At the same 
time, the stylus in the case of 
the recorder, or the light spot in 
the case of the indicator starts 
to move. The speed of this move¬ 
ment is proportional on the scale 
Fio. 340. Depth Sounder type 421. in use to the speed of sound in salt 
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water (4,920 feet per second). When the echo returns from the 
bottom, the working of the projector is reversed and a very small 
voltage is imparted to it. This is amplified and passed to the 
stylus or oscillograph. 

In the case of the stylus, the current from the amplifier dis¬ 
colours the paper at the point where the stylus is at that instant. 
That is, a mark is made on the paper corresponding to the depth 
of water. 

Similarly with the indicator, the* oscillograph mirror works 
when it receives the echo impulse, and causes the light spot to 
“ peak ” at the point on the scale where it is at that instant, 
thus indicating the depth of water. 

The amplifier is joined across the projector the whole time, 
and thus receives two impulses, one at transmission and another 
at the reception of the echo. Thus, two marks on the recorder 
or “ peaks on the indicator are made for each sounding, one 
for transmission and one for the echo. 

The sequence of operations is repeated 

30 times per minute when recorder is in use; 

60 times in 70 seconds when indicator is in use. (Type 421, 
160 fathoms or 360 fathom instruments.) 


In the ease of the indicator, a great deal of information can 
be obtained by watching the shape of the echo peak. When 
working under normal conditions, the echo peak is usually about 
one-third of an inch high. Its left-hand edge is practically vertical, 
its right-hand edge sloping down steeply, as indicated in fig. 341(a). 

The cello peak will only assume this form when the sea bed is firm 
and reasonably smooth, being free from rocks and large boulders. 

If the sea bed is rocky the left-hand edge of the echo peak is 
jiractically vertical but the right-hand edge becomes serrated as 
shown in fig. 341(/>). If the peak is wide at the base but not 
serrated, a muddy bottom is indicated as in fig. 341(c). 


Transmission and Reception 

A simple spark transmitter is 
contained in the bottom section of 
the instrument. This generates a 
momentary train of oscillations at 
high voltage for each transmission. 

The voltage is stepjied down to 
about 200 ^’()lts and is taken via 
a line to a transformer near to the 
projector. In this the voltage is 
stepped up again and actuates the 
projector which is fitted in the Fio. 341. Character of Sea Bottom 
ship’s hull. The projector, when given by Shape of Trace. 



actuated, sends a compression wave 
to the sea bottom, where it is 
reflected and travels upward, ulti- 


(a) Shape of normal Echo Peak. 

(h) Echo Peak over Boulders and 
Rocks. 

(c) Echo Peak over very Soft Mud. 
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inately energizing the ])rojeclor, which now acts as a detector. 
A very small voltage is generated in this and is amplified in the 
receiver and passed to the oscillographic indicator or the electro¬ 
lytic recorder, whichever happens to be in use. A schematic 
diagram of the complete installation is shown in fig. 342. The 
unit on the left is the electrolytic recorder, next on the right we 
have the top section consisting of the oscillographic indicator, 
and on the bottom the transmitter and receiver components. 
At the extreme right of the figure, the projector and the line 
leading therefrom is shown. An equivalent theoretical diagram 
of the instrument is also shown in fig. 342. 

The amplifier for the eehometer is not shown in full in this 
diagram but is given in fig. 313. It will be seen to consist of a 
straightforward resistance capacity coupled ain])lifier to the 
input of which is applied the signal received from the projector 
and supplying from its output circuits the indicator or oscillograph. 



Various adjustments can be made on the instrument, the more 
important of these being :— 

(1) Dkauoiit Adjustment. In order that the sounding read 
off may be the depth of water from the surface and not from the 
projector in the bottom of the ship, the transmission should occur 
not at zero on the scale but at the figure corresponding to ship’s 
draught at the projector. 

In the Indicator, This is done by a slot marked “ Draught.” 
This slot should be turned by a coin or screwdriver until the 
left-hand edge of the transmission peak occurs at grailuation on 
the scale representing the draught of the ship. 

In the Recorder. There «arc two ])airs of sounding contacts, 
one pair for each range. If the recorder is a single-range instru¬ 
ment the bottom pair of contacts is in use. 

The start (left-hand side) of the transmission mark should be 
shifted from the zero on the scale by the amount of the draught. 
The position of the contacts (and thus that of the transmission) 
is governed by two knurled-headed screws with lock-nuts, which 
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hold the contact assembly in place. The draught adjustment 
can be changed by slacking one screw and tightening the other. 
To increase the draught adjustment the contact assembly should 
be moved round in a clockwise direction—the same direction as 
that in which the cam revolves. Draught adjustment for both 
indicator and recorder should be set with Peak Control and H.T. 
Control at a low setting. When these are put up to full it will 
be seen that the start of “ peak ” or “ mark ” has moved very 
slightly to the left, but this can be ignored. 

(2) Range Change in a Two-Range Recorder. The stylus 
arm should first be clipped back in its holder. The head should 
then be pulled out or pushed back as directed in the instructions 
engraved on the head. This changes the stylus drive cam and 
the sounding contacts in use. Thus in a two-range instrument, 
two draught adjustments must be made, one on each pair of 
contacts, each adjustment to its appropriate scale. 

(3) Spot Speed Adjustment. The speed of the spot light in 
indicator, or stylus arm in recorder, is of paramount importance, 
as the accuracy of cither instrument depends directly on this. 

The speed of all Marconi Sounding Machines is adjusted for a 
velocity of sound of 1,500 metres/seeond (4,920 feet/second). 

The velocity of sound in water varies slightly according to 
temperature, salinity and pressure. The inaccuracy caused by 
this is negligible within the range of the instruments, except in 
the following seas : 

(a) Red Sea .. .. 2.J per cent, should be added 

to soundings. 

(h) Baltic and north of the Subtract 2 per cent, from 
SllETLANDS to ICELAND SOUnding. 

In the Indicator, The spot light is moved by a mirror actuated 
by a steel wire drive from a clockwork mechanism. 

In 1 (50-fathom and 3(50-fathom sets the instrument should give 
60 ticks in 70 seconds—in 720-fathom sets, 30 ticks in 70 seconds. 
The clockwork can be seen when the top cover of the indicator 
is removed. The speed adjustment consists of a knurled head 
with lock-nut; arrows show the direction of movement required 
for an increase or decrease of speed. 

In the Recorder, The stylus is driven through gearing and a 
suitable cam by an electric motor. The number of transmissions 
])cr minute is 30. A stroboscope is fitted to check the motor speed. 
At the to]) of the motor spindle is a stroboscope wheel with black 
and white vertical marks. The wheel is normally still and not 
joined to the spindle. To test speed, clutch the wheel to the 
spindle by working the lever at the right-hand side. 

In front of the wheel is a tuning fork ; displace this and let it 
go. Look at the wheel through the tuning fork. If the speed 
is correct the black and white marks will appear to stand still. 
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If they seem to go to the right the motor is going too slow, and 
vice versa. 

To change the motor speed, the governor must be adjusted. 
There is a large knurled nut above the gear box and below the 
governor. To adjust, remove the clamping piece which holds the 
nut and screw it upwards (to the right, viewed from the front) 
to increase the motor speed, and vice versa. 

Do not let any oil come near the governor surfaces. 

The rheostat in the centre of the panel marked “ Speed ” is 
permanently locked. It is a shop adjustment for different motors. 
The speed should, therefore, always be corrected by the governor 
adjustment as described above. 

Where the 429 Electrolytic Recorder is being used, the in¬ 
structions for inserting a roll of paper and for maintaining the 
recorder are given below. 

To pul in a new Roll of Paper 

The paper should be kept inside its sealed tin until it is required 
for use. Unscrew the knurled head at left-hand side of the 
recorder and remove the cover of the paper container. Take 
the paper out of its tin and remove the wrappings, etc. Put the 
roll on the spindle so that the paper unrolls clockwise from 
the top. Lift the container lid and graduation roller. Unclip the 
catch which holds up the inner roller below the inscribing plate. 

Pull the paper over the top roller, put it behind the scale and 
pull it down between the two bottom rollers. This last operation 
is easier if the end of the paper is folded to a point. Pull the 
paper down squarely and then clip up the bottom inner roller 
so that the paj)cr is held between the two bottom rollers. Shut 
the lid of the container and replace its end cap. Work the 
handwheel of the bottom roller so that the paper is tensioned. 
Care is necessary that the paper feeds without creases. 

Maintenance, 

If the recorder is not going to be used for some days, it is 
advisable to tear off the paper outside the container, put the end 
back inside and shut the lid. This stops the paper on the outside 
of the roll from drying. 

The inscribing plate, graduation roller, stylus, etc., should be 
cleaned occasionally with a wet rag to remove starch, small 
pieces of paper, etc. 

A small amount of the oil provided should be put into the 
gear box if this seems to be becoming rather noisy. 

Battery Supply 

The main supply to the echometer is a 4-volt accumulator 
which is fitted with a charging resistance and a charge and 
discharge switch. The battery is charged from the ship’s dynamo. 
The amount of charging naturally varies on how much the set 
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is used. The H.T. battery is dry and requires no charging. In 
the installations where the electrolytic recorder is being used, 
two 50-volt units are fitted, one of which supplies the extra 
H.T. to the last valve. 


Ranges 

The type 421 echometer is normally supplied for readings at 
depths from 0-160 fathoms or from 0-360 fathoms, but the range 
can be extended to give readings up to 1,000 fathoms. 


Projectors 

Four types of projectors are supplied with echometers manu¬ 
factured by the Marconi Co. These are known as types : 

S.23. This is the smallest type of projector and is normally 
fitted either to the type 424 echometer or used as an outboard 
[)rojector. 

S.4Ter. This is the normal projector fitted to the type 421 
Echometer. 

S.16. This is similar to the type S.4Ter but is demountable 
and can be changed without dry-docking the ship. 

S.TBis. This is the largest type of projector and is used 
where great depths are involved. 


The construction of all these types of projector is similar. All 
consist of a circular plate of quartz made up from rectangular 
(|uartz elements cemented together as shown in fig. 344 (b). 

This (juartz slab is rigidly secured between two thick steel 
plates, the whole being mounted in a special hull fixing under the 
ship. The energizing impulses 
are applied, of course, to the 
top parts. The construction of 
the projector is shown diagram- 
matically in fig. 344 (a), as is 
also the method of mounting 
it in the hull of the ship. 

Each projector is energized 
at or near its own natural 
wavelength. These wavelengths 
for the different types of pro¬ 
jectors are : 


S.23 

S.4Ter/ 
S.16 \ 

S.7Bis 


4,550 metres 
8,000 metres 
10,300 metres 



Fin. 314. (rt) Mounting of “ Projector** 
in hull. 

(/>) Active part of “ Projector.’* 
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Type 424 Echometer 

This apparatus, which is illustrated in fig. 345, consists essentially 
of the same components as the type 421 echometer. It is a 
smaller instrument, however, and is suitable for depths up to 110 
fathoms, the standard calibrations being either for 55, 90 or 110 
fathoms. Forty-five transmissions are made per minute as against 
60 transmissions in 70 seconds in the case of the type 421. In 
some instruments with scales 0-45 fathoms transmissions are at 
90 per minute. 

The main difference between the type 424 and type 421 echo- 
meters is that the entire optical system is mounted on the turn¬ 
table of a gramophone motor and that a concave reflecting scale 
is used. This is shown diagrammatieally in fig. 31G. 

The circuits are similar in principle to those* in the 421 echo- 
meters and are shown in fig. 347. 
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The projector fitting is similar to that used with the type 421. 

In general the instructions on the 421 apply to the type 424 
echometers except for the differences described below. 

Batteries and cliarging arrangements are exactly similar to 
those for the type 421 eehometer. 

H.T. is at 50 volts only, no 33-volt tapping being required. 

The primary circuit is the same as in former echometers. 

The induction coil is of the motor-car ignition type, with a 
small resistance in series with the primary winding. 

The sounding contact is mounted on a movable insulated plate 
and is operated by a cam on the motor spindle. 

The movable plate can be slid round a slot to obtain the draught 
adjustment. It should be adjusted so that make ” takes place 
about half an inch before the light comes on to the scale> and 
“ break ” so that the left-hand side of transmission takes place 
above the graduation for draught of ship. 

The starting switch has a four-pole switch with three positions, 
“ off,” “ shoal,” and “ deep.” 

Attached to it is mechanism for operating a brake on the 
motor so that the latter is stopped when off ” and running for 
the other positions. 

The transmission resistance consists of two 2-ohm filament type 
resistances in series. The value must be adjusted to a maximum 
so that when in the “ shoal ” position the one gap is just certain 
to spark every time. 

The oscillograph is similar to the 421 type except that the 
mirror is smaller (5 mm. by 5 mm.) and faces 90° differently 
from mirror in the type 421, so as to fit in with optical arrange¬ 
ments of type 424. 

The oscillograph should be clamped in position, its base on the 
turntable and the marks on its magnet in line with the vertical 
support. 


L 
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The optical system is shown diagrammatically in figs. 846 and 
847. To adjust 

1. See that lamp filament is at right angles to line from 
lamp to mirror and immediately abreast diaphragm. Dia¬ 
phragm hole is mm. in diameter (slightly greater than 
in type 421). 

2. See that filament image appears across centre of the 
fixed mirror. 

3. See that middle part of filament image appears on centre 
of oscillograph mirror. This is done by elevating and 
training the fixed mirror as required. 

4. See that light spot (with H.T. on) appears about |in, 
above graduations on the scale. 

Height of light spot should be regulated by unclamping 
and moving the whole oscillograph as required. It should 
not be done by varying the oscillograph mirror canting 
adjustment as this latter is set for the most sensitive position. 


The approximate lengths should be :— 

A. Filament to fixed mirror . Oiin. 

B. Fixed mirror to oscillograph mirror ... 2jin. 

C. Oscillograph mirror to scale. Sjin. 


To get the brightest possible spot move fixed mirror in its slot, 
thus charging A and B. After each movement some adjustment 
of (2) and (3) will be necessary. These adjustments have been 
carried out when the set was tested, and the oscillograph magnet 
has scribed lines which show its position against the vertical 
support. 
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Tuning 

The coils are mounted vertically with primary at the bottom. 
The bottom end of the secondary coils is earthed. The top end 
comes to a terminal at the top of the coil assembly. It is dis¬ 
connected for removing turns for tuning. The top secondary 
coil has ebonite rings above and below it with holes. When the 
position of the coil for final tuning has been decided, it can be 
secured by wood screws through the holes of the rings. Flat 
type coils and long line connection are now used. 

Motor 

The correct speed is 45 r.p.m. There is a speed control arm 
at the side of the motor. This is moved to the right to increase 
the speed. When adjusted the arm should be locked by its 
screw. Forty-five-fathom instruments have 90 r.p.rn. motors. 

The motor should run for 12 minutes within plus or minus 1 rev. 
of 45 r.p.m. and then “ die ” to stop in about one minute. 

The motor casing has to be filled with oil, the whole contents 
4)f the bottle supplied being used. 

Revolve the turntable by hand until the hole in the turntable 
is above filler hole. This filler hole has a metal cover which must 
be pushed aside by a screwdriver or some long instrument. The 
oil is then poured in through the funnel provided. 

The spindle carries :— 

(a) An insulated plate with three slip rings. These are 
for the two oscillograph leads and the optieal lamp positive. 
The lamp return is by earth. Each slip ring has two brushes. 
Trouble has occasionally been experienced by bad contact, 
particularly at the L.T. slip ring. This may make the spot 
jump in a similar manner to “ water noises.” A test with 
telephones across the amplifier output will reveal by grating 
noises if these slip-ring contacts are bad. 

The outside of this plate is cut in a cam shape and operates 
the sounding contacts (see remarks on the Primary Circuit 
above). 

{b) A turntable carrying the oseillograph and optical 
system. Two weights are carried to obtain mechanical 
balance with this unsymmetrical arrangement. 

The Amplifier 

This is shown in fig. 348. Early amplifiers use a V.24 valve 
in the first stage, then four L.410 valves and a P.410 in the last 
(L.F.) stage. 

The later amplifiers use a P.410 instead of a V.24 in the first 
stage. 

No filament control or variable oscillograph shunt is fitted, but 
a fixed oscillograph shunt of 100,000 ohms is used. 

All type 424 instruments, except the first six, have a variable 
anode resistance on the firsrt: valve. This is the main sensitivity 
control known as the peak control. 
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Later models of the 424 echometer have variable H.T. control 
as well as peak control, as shown in 348. It will be noticed 
that the rectifier grid goes to filament positive. The last valve 
grid goes to filament negative and requires 3 or 4J volts further 
negative bias. 



Fig. 348. Wiring Diagram of Amplifier for Type 421 Echometer. 


Magneto«*8triction Echometers 

In addition to the types 421 and 424 echometers supplied by 
the Marconi Company a third type of echometer employing the 
magneto-striction effect is also manufactured and is described 
hereunder. 

The equipment is shown diagrammatically in fig. 349 and 
consists essentially of the following component parts :— 

1. The transmitting and receiving projector assemblies. 

2. The high-tension machine transmitter and charging 
panel. 

3. The valve amplifier. 

4. The electrolytic recorder. 

5. The visual indicator. 

-f 

An installation wiring diagram is shown in fig. 350. 

The general action of the whole equipment is as follows :— 

- The transmitting projector consists essentially of a few turns 
of wire enclosing a nickel core which is made up of a large number 
of insulated laminations of nickel (see fig. 351). If this core is 
magnetized by a D.C. current through the windings then the 
property of magneto striction will cause the length of the nickel 
core to contract. If in place of a D.C. current the nickel core is 
energized by a high-frequency current of such a frequency as to 
strike the natural longitudinal resonance of the nickel core, then 
there will be a very strong tendency for the nickel core to contract 
and expand at the natural frequency of the core itself, provided 
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tliat a D.C. magnetizing field is constantly applied in addition 
to an A.C. field. 

If no 1).C\ lield is applied, then for every half-eyele of the A.C\ 
current the niekel eore will eontraet and thus a double frequency 
tends to be i)rodue(^d. If a D.C. field is applied, then an increase 
of field ])rodueed by the A.C. current will tend to contract the 
eore still more for one-half oseillation and to nullify the D.C. field 
and expand the core for the other half-cycle. Actually in practice 
the transmitting projector is equivalently polarized by using a 
larger ca])aeity than that required for tune. 

The nett result is that the faces of the nickel core can be made 
to move backwards and forwards for the purpose of transmitting 
sound energy. 

In the ease of the receiving projector the process is entirely 
reversed and any sound wave of the correct frequency striking 
the faces of the nickel core will produce voltages across the 
winding which can be utilized for detecting the echo returned. 
Here again in the receiving projector it is essential both for 
sensitivity and general action to have a D.C. field applied* 

The essential difference between this magneto-striction system 
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and the quartz system is that the movement in the nickel core 
is produced by a magnetic field, while the movement in the quartz 
projector is produced by a voltage or electrostatic field. 

Another important feature is that the mechanical sizes of the 
nickel can be made to any dimensions required and the coils 
surrounding the nickel core can be wound to any number of turns 
so that within very wide limits the power given to the nickel 
core can be altered without altering the physical dimensions of 
the projector. 

In the case of quartz, however, the physical dimensions of the 
projector determine the eleetrieal capacity of the projector and 
power can only be increased into this capacity by an increase in 
voltage applied to the quartz. 

It may be interesting to state at this stage that the energy 
applied to the transmitting projectors of the magneto-striction 
equipment is over 500 times the energy applied to quartz. 

General Design of Projector 

The magneto-striction projector or nickel core faces are only 
2|ins. square and both faces of each end of the core are utilized 
for sound propagation. 

These faces operate horizontally or parallel to the bottom of 
the ocean, and the sound wave from them in water is reflected 
downwards by means of conical reflectors (see fig, 351), which are 
air spaced to give good reflection. 
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Fia. 350. Installation Wiring Diagram and Pipe Lines—Magneto Striction Equipment. 
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The diameter formed by the open ends of the conical reflectors 
is made of sufficient size to give directivity in beam for the super¬ 
sonic transmission required, and although the reflector scheme is 
not ideal it is sufficient with this increased energy to penetrate 
the shell plating of the vessel and to cause sufficient signal at 
150 fathoms or more after a second penetratron of the hull plating 
to the receiving projector. 

These projectors are assembled inside the vessel and they consist 
of a welded open-ended tank with a cover-plate to which the 
projector element is attached. 

This assembly is normally pressed down on the hull plating of 
the vessel with a rubber ring and four jacks to make the whole 
tank watertight. The whole tank is then filled with water and 
kept filled by means of separate small gravity tanks. Details of 
the assembly of these projectors in their tanks and on to the hull 
plating will be given later on in this chapter. 

Choice of Transmission Frequency 

In fixing the dimensions of the nickel core faces of the projector 
it must be borne in mind that, in the case of the magneto striction 
echometer, the sound waves generated by the projector must be 
transmitted through the metallic plating of the ship. 

It is found, when considering the propagation of a wave through 
a metallic medium such as the shell plating of a vessel, that the 
lower th(‘ frequency of tin* wave, that is to say, the greater the 
wavelength, the greater will he the |)enetration of the wave 
through the plating. 

Now the average thickness of steel ])lating on a large vessel is 
fin., and a suitable frequency has been chosen as 18.7 kcs. For 
this frequency a nickel core of 5ins. gives the required natural 
longitudinal resonance. 

At 18.7 kcs. the wat(T wavelength works out at 8 cm., and 
with reflectors having a radius of 7ins. at their apertures the 
diameter of the equivalent aperture becomes llins., or 35 cm., with 
a water wavelength of 8 cm. 

It will be seen, therefore, that quite a reasonable figure of 
directivity comparable with the quartz is obtained by these 
dimensions and wavelengths. 

Phasing in Tanks 

Since only a small proportion of a transmitted wave penetrates 
through the shell plating, then the larger proportion must be 
reflected backwards into the projector tank again. To utilize 
this reflected energy efforts are made to proportion the distance 
from the nickel face to reflector and to hull plating so that the 
reflected wave is returned to the nickel face in correct* phase to 
future transmissions. 

The tanks are therefore cut to a definite height of 9jins., which 
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allows, with the assembly of the projector on the top plate, the 
correct phasing for reinforcement, and all equipments with 
projectors located on the flat part of the vessel should have 
projector tanks cut to this definite dimension for the best results. 

This phasing is such that a series of wave trains are transmitted' 
a second space from one another due to the original 
penetration of the hull plating and to the series of reflected wave 
trains in the tank from the nickel core face out through the hull 
plating again. The distance from nickel to reflector and then to 
hull plating is 24 cm. or 3 wavelengths in water. 

The correct phasing naturally tends to make this series of wave 
trains add up together, with the result that eventually quite a 
good proportion of the original energy penetrates the shell plating 
and traverses to the bottom of the ocean. 

Projectors on the Slope of a Vessel 

When projectors are ])laced on the slope of a vessel, then 
obviously this phasing cannot be arranged for and a (certain 
degree of loss in output to the sea must be anticipated together 
with a certain degfee of loss due to non-vertical transmission. 

The critical angle for })late penetration is 18 degrees, which 
means that a sound wave in water approaching the plate sloped 
at 18 degrees to the direction of propagation will be completely 
reflected and no penetration should take place. 

The above remarks apply to receiving projectors as well as 
transmitting projectors. 

Transmitter Unit 

The next important component is the transmitter unit, which 
is mounted complete with charging arrangements on a transmitter 
panel. 



Fio. 362. Theoretical Wiring Diagram for Magneto-Striction Transmitter Unit. 
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This transmitter unit (fig. 352) consists essentially of a 1,500-volt 
D.C. machine operated from a 16-volt battery and is used for 
charging the condenser bank of approximately* 8 mfds. to 
1,500 volts. 

A transmitting key located in the transmitter unit is operated 
with the same 16-volt battery by the visual indicator contacts 
in the chart room or the transmission contacts on the electrolytic 
recorder. This key charges the 8 mfds. through a resistance to 
1,500 volts and then discharges this condenser through the coils 
of the transmitting projector to energize the transmitting projector. 
Thus the transmitting projector is energized by the visual in¬ 
dicator 60 times in 70 seconds and by the electrolytic recorder 
30 times per minute. 

Accumulator Battery 

The aecumulator battery of 21 volts (12 XR.6 Type) is used 
with this equipment and is split into two sections of 16 volts and 
8 volts, the 16 volts being utilized for running the high tension 
and operating the transmitting key, while the 8 volts is utilized 
for supplying the filaments of the amplifier and supplying the 
))olarizing current to the receiving projector, which will be 
described later. The load to each section is practically balanced. 

Remote Control 

In order to start up the 11.T. machine and energize the filaments 
from the chart room, two contactors operated from the ship’s 
supply mains are incorporated in the transmitter unit to close the 
battery circuits. In this way by remote control the navigating 
staff can operate the equipment by closing a switch in the chart 
room. 

The accumulators, however, can only be j)ut on charge by the 
switch on the transmitter panel. Periodical visits to the trans¬ 
mitter panel are necessary for charging or orders can be given 
to the engine-room staff to make the change-over if the transmitter 
l)anel is located in the engine room. 

Valve Amplifier 

The valve amplifier (fig. 353) in a complete separate unit 
consists of three high-frequency stages using H.410 valves, one 
detector stage L.410 and one output stage P.410. The chassis is 
all metal and each individual II.F. stage is carefully partitioned 
and screened, while the valves themselves are also screened for 
stability. 

The general circuits of the amplifier are more or less similar 
to the 421 echorneter. Overall amplification is higher and a 
standard 100-volts II.T. is utilized. 

The controls consist of peak and H.T. controls identical in 
operation with those used on the latest 421 star instruments. 

In order to bring the receiving wires from the receiving projector 
right up to the chart room and to avoid the capacity across these 
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lines affecting the general performance the receiving leads are 
connected across a winding of a few turns only in the receiving 
projector to give a small voltage and low inductance. This small 
voltage is then stepped up in an iron core high-frequency trans¬ 
former with a ratio of 52 : 1 to operate the grid of the first valve. 
The secondary of the transformer is shunted by a variable con¬ 
denser which allows for tuning indirectly of the receiver projector 
winding. 

This tuning adjustment is shown on the left-hand side of the 
amplifier and is permanently locked to the best position after 
tests in dock or at sea. 

Since the batteries are located many hundreds of feet away 
from the chart room the filament voltage is adjusted by means of 
a series filament preset resistance in the amplifier itself to give 
4 volts at the amplifier from the 8-volt battery and series leads. 
This adjustment must be made when the apparatus is first installed. 

On the right-hand side of the amplifier is the main control 
switch for starting the whole equipment, and this switch carries 
out the following functions :— 

1. Closes H.T. to amplifier. 

2. Closes mains to contactors in transmitter unit. 

3. Closes circuit to pilot lamp. 

4. Closes filament circuit to amplifier. 

Visual Indicator 

The visual indicator used with these equipments is the standard 
421 star type. 

Electrolytic Recorder, Type 429 

The same type of electrolytic recorder as used with the quartz 
equipments is utilized for the magneto-striction equipments. 



Fio. 353. Theoretical Wiring diagram for Type 43ri Amplifier used with Magneto-St fiction 
Kciio Sounding Equipment. 
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Magneto-^Striction Deep Sea Echo Sounder, 0-3,000 fathoms 

This equipment, designed to work from 0-3,000 fathoms, 
differs from the standard-magneto striction echo sounder for 
working through the hull plating of the vessel in the following 
details :— 

(a) The transmitting projector is specially wound with a low 
number of turns for increased power and operates directly in 
contact with the sea water in a hull casting rivetted around 
the hole cut in the hull plating. To prevent turbulence in the 
cavity formed by the hull casting a thin plate with perforations 
is fixed across the aperture. 

(b) The receiving juojector is, however, standard in winding 
and construction, but here again it operates directly in contact 
with the sea water, the aperture being closed by a thin plate 
lo prevent turbulence in the cavity formed by the hull casting. 

(c) The transmitting panel itself is standard and the trans¬ 
mitter unit is of standard dimensions, but the rotary converter 
is o})erated direct from the mains with a high tension output 
of 2,000 volts instead of 1,500 volts together with increased 
power output. 

{(1) The condenser bank is increased to obtain increased 
energy and, in view of its bulk, has been assembled in a separate 
container. 

(c) The amplifier unit is standard in all respects with the 
exccj^tion that the resistance in series with the II.T. supply has 
been short circuited to obtain maximum efficiency. 

(/) The oj)tical indicator for shallow and navigating ranges 
of from 0-150 fathoms is a simplified type 421 indicator. 

(g) The electrolytic recorder is specially designed to give a 
maximum range of 3,000 fathoms and is fitted with a special 
range of from 0 150 fathoms for shallow reading and naviga¬ 
tional purposes. 

Amplifier 

The valve amplifier is controlled on its input by means of the 
peak control handle which varies the resistance in the plate circuit 
of the first valve. It is also controlled by varying the high tension 
supply to all valves of the am])lificr simultaneously so that 
magnification is dro])ped on every stage. Auto-bias resistance 
together with a separate grid bias battery keeps the last valve of 
this amplifier on the bottom bend of its characteristic and ensures 
that the spot of light in the optical top unit remains sensibly at 
constant level for all variations of high tension. 

Visual Indicator 0-150 fathoms 

This instrument is very similar to the 421 star instrument, but 
has been simplified in connections and is now known as visual 
indicator type 442. 

The adjustments for the optical lamp, mirror bracket and 
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general working of this visual indicator are fully desfcribed 
elsewhere. 

Electrolytic Recorder Type 441 

This instrument is similar in action and general appearance 
to the type 429 recorder. A moving arm is pushed across the 
])aper by means of two cams so arranged that either can be made 
to engage with the arm, thus giving two distinct ranges. The 
two cams used give primarily a 0-150 and 0-750 fathom range. • 

In the case of the 150 fathom cam the rotation of the cam shaft 
to which a small transmitting cam is attached causes transmission 
to take place once every revolution. Only one transmission 
contaet applies to this 150-fathom cam with the result that one 
range only from 0-150 fathom, is obtained when this cam is in 
action. 

In the case of the 750-fathom cam there are two transmission 
contacts capable of being actuated by another small transmission 
cam on the cam shaft. 

These two transmission contacts arc situated exactly 180° apart 
in the single rotation of the cam shaft with the result that two 
ranges, one from 0-750 fathoms and the other from 750 to 1,500 
fathoms are obtainable. These two ranges can be explained in 
more detail by considering the effects of the transmission cams. 
The design has been so arranged that a half revolution of the 
cam shaft will take the arm and stylus across the paper. The 
time taken for the stylus arm to return in the reverse direction 
is equal to the time of a half revolution of the cam shaft. Since 
the transmission contacts arc at 180° apart, and if it is so arranged 
that the second transmission occurs when the stylus arm is at 
the end of its travel at 750 fathoms, then, if the second transmission 
occurs at this 750 fathom point, a period equal to 750 fathoms 
elapses while the stylus arm is returning from right to left. Thus, 
on the next stroke of the stylus arm from left to right, the time 
interval from the second transmission to the next movement of 
the arm across the paper from left to right is equivalent to 750 
fathoms and the echo received from this stroke of the stylus arm 
must be between 750 and 1,500 fathoms. 

In order to extend the range of the 750 cam it is necessary 
to arrange for^he recorder to send out transmissions, not once 
every revolution of the cam shaft, but once every other revolution 
of the cam shaft and also to arrange for the circuit of the stylus 
closing contacts, not at every revolution of the cam shaft, but at 
every other revolution. 

Thus, by alternating the transmissions and simultaneously alter¬ 
nating the closing of the stylus contacts, a transmission occurring 
at zero for the 750 fathom range can only be marked by an echo 
on the paper if the echo occurs between 0-750 fathoms. Similarly, 
if the phasing transmission contact is used and it is so arranged 
that transmission occurs on a stroke of the moving arm when the 
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stylus closing contacts are open, then an echo will only show on 
the paper on the next stroke from left to right if the echo is 
returning from 750 to 1,500 fathoms. 

Suppose now that an echo is being received between 0-750 
fathoms, then it is only necessary for the transmissions and stylus 
closing contacts to occur at alternate revolutions of the cam shaft 
in order to obtain definite echo marks on the paper. We know 
that these marks on the paper cannot be caused by echoes at 
any other depth, so that the presence of these echoes definitely 
establishes the range and thus there is no reason why the trans¬ 
missions should not occur and the stylus closing contacts be 
closed at every revolution in order to double the number of sound¬ 
ings per minute. 

Similarly, in using the phasing contact and in identifying the 
echo to a range from 750-1,500 fathoms, then the transmissions 
can be made to occur every revolution and the stylus closing 
contacts can be made also at every revolution to increase the 
number of soundings. In order to identify the range, arrange¬ 
ments are made for half the number of soundings per minute, 
but, having identified the range, we arrange for the full number 
of soundings per minute. 

Suppose now that the echo is returning from a greater depth 
than 0-750 fathoms, and 750-1,500 fathoms, then with half sound¬ 
ings per minute and the use of the transmission contact and the' 
phased transmission contact no marks of echoes will be observed 
on the electrolytic paper. This faet shows that the echo is not 
within the ranges of 0-750 and 750-1,500 fathoms and must, 
therefore, be somewhere between 1,500 and 3,000. In order that 
the marks from an echo between 1,500 and 3,000 fathoms should 
be shown on the electrolytic paper, it is necessary for the trans¬ 
missions still to be alternate, but for the stylus closing contacts 
to occur every revolution. 

All the above arrangements are carried out by means of a test 
range switch which is mounted on the control panel of the 
recorder. This test range switch shows five ranges :—150, 750, 
1,500, 2,250 and 3,000 fathoms. This switch can only be moved 
between these different range positions when the centre knob of 
the switch has been pulled out, and the pulling out of this knob 
automatically arranges for transmission and stylus closing contacts 
to operate every alternate revolution of the camshaft. 

Marconi Link«*Motion Electrolytic Recorder^ Type 446 

This instrument is made in four types known as the SPM.280, 
SPM.80, SPM.56 and SPM.28. The types cover respectively 
0-30, 0-105, 0-150, and 0-300 fathoms. In this type of recorder 
the stylus arm, instead of being cam-operated, is definitely 
attached by means of a link or connecting rod to a crank arm 
on the gear box shaft where normally the cams are fitted in the 
type 429 recorder. Cam-operated recorders are not suitable for 
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ranges below 75 fathoms and the link-motion recorder, owing to 
its slow acceleration at the start and slow deceleration at the 
end of the stroke of the arm, has been found very suitable for 



Fio. 354. • Depth Sounding Electrolytic Recorder, Type 446,0-30-105-150-300 fftthonw. 
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recording depths even down to 10 fathoms. The time base law 
of such an instrument will obviously not be linear, tending to 
be more open in the middle than at the sides. In order to over¬ 
come the difficulty of obtaining a scale of depths, a calibration 
dot scheme has been introduced by means of a commutator 
attached to the flywheel. In place of the normal graduation 
roller a commutator and brushes are fitted to the flywheel with 
segments a certain number of fathoms apart in time. This com¬ 
mutator charges and discharges a condenser through a resistance, 
the short duration discharges being applied in series with the 
L.F. transformer primary to the plate circuit of the first recorder 
valve. These discharges cause rows of dots to be made on the 
paper, the intervals between dots corresponding to a definite 
number of fathoms. These dots are set one fathom apart on all 
the recorders mentioned above with the exception of the SPM 28 
recorder, where they are set five fathoms apart. Each type of 
recorder has three ranges, these being obtained by phased trans¬ 
missions in a similar fashion to the recorder type 441 described 
in connection with the Deep Sea Echo Sounder. The ranges are 
identified by means of the spacing between the rows of dot 
calibrations. In the case of range 1 on any particular recorder the 
rows of dot calibrations are spaced widely but evenly apart. In 
the case of range 2 the rows of dot calibrations are spaced unevenly 
apart, being alternately closed and open. Range 2 can also be 
identified by the absence of a transmission mark due to the phased 
transmission. Range 3 is characterised by a series of dot calibra¬ 
tions evenly but closely spaced together and also by the absence 
of a transmission mark. An engraved scale is also provided on 
the instrument, but this should be taken only as giving an 
approximate indication, true and accurate fathom readings being 
obtained from the dots on the calibrated record. 

The general arrangements of the type 446 Electrolytic recorder 
are shown in fig. 354, and the essential features of the recorder 
can easily be seen from this. The press-button shown at the 
bottom right-hand of the recorder is used to make any particular 
mark needed on the paper without opening the recorder. 
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CHAPTER XXI 

POWER SUPPLY FOR WIRELESS EQUIPMENT 

B oth ^yvireless transmitters and receivers must be supplied 
with electrical power of various ty))es. In the case of the 
transmitter the cnerj^y which is ultimately radiated in the form 
of electromagnetic waves must be derived primarily from local 
supply units positioned at or near the transmitter. Similarly in 
the case of the receiver, the energy received at the aerial is minute 
in quantity and must be considerably increased to ])rovidc the 
necessary power at the output end, this additional ])ower being 
])rovided b}^ local batteries at the receiver. 

The types of power supply nceessary for both transmitter and 
receiver differ only in magnitude, being much greater for the 
former. In both cases, however, we must consider supplies to 
(a) Filaments (b) Anodes and other Valve Electrodes and (c) Grid 
Bias. 

As regards the transmitter, supplies for the hlaments are usually 
obtained from accumulators or 1).C. machines, and so far as these 
are concerned we shall refer in this chapter only to rectifier units 
for accumulator charging. 

Supplies for (6) and (c) are quite a different matter. Where 
they need to be only of the order of about 100-200 volts and where 
the current needed is only a few milliamperes, they may be 



Fio. 355. Arrangement of rectifier units, A.C. input to D C. output. 

obtained from wet or dry (tells. Even modern receivers now, 
however, may need voltages of the order of 400 volts and trans¬ 
mitters may need up to 10,000 or even more volts. Currents may 
be of the order of 100 milliamps or more for a large receiver and 
1 ampere in the case of a transmitter. Although I).C. machines 
can be, and are, used for the supply of this H.T. current, they arc 
in many cases inconvenient and the more usual method of suj^ply- 
ing H.T. is by the rectification of transformed low tension A.C. 
Diagrammatically the scheme is shown in fig. .355. 

L.T.A.C. is usually supplied.at 230 volts, 50 cycle, and may be 
either single or three phase. A transformer steps this voltage 
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up to the required value. TJie rectifier converts the H.T.A.C. 
into unidirectional voltage and the smoothing circuits take out 
the inequalities in this rectified voltage and pass it out in a state 
suitable for the supply of the transmitter or receiver. 

We need not deal here with the transformer. The input to the 
rectifier consists of an approximate sine wave of voltage as shown 
in fig. 356 (a). 

The function of the rectifier is to convert this to unidirectional 
voltage either by suppressing odd half cycles, or by half-wave 
rectification as at 356 (b) or by 
reversing the direction of these 
odd half cycles or by full-wave 
rectification as at 356 (c). In 
either case, however, the uni¬ 
directional voltage will be by 
no means constant in magnitude. 

It will fluctuate considerably, 
and if applied direct to the anode 
of a valve would introduce ob¬ 
jectionable hum of a frequency 
equal to that of the mains in 
case (a) such as 50 cycles, and 
double this, 100 (;ycles, in case 
(5). A circuit composed of in¬ 
ductance and capacity must 
therefore be introduced, through 
which the rectified current passes 
and which eliminates, as far as 
possible, this hum. 

We can consider such a scheme as is shown in fig. 355 then 
in two sections— 

{a) The Rectifier, 

(b) The Smoothing Circuit. 

The Rectifier 

Rectifiers may be discussed under three heads— 

(1) Valve Rectifiers, 

(2) Metal Rectifiers, 

(3) Selenium Rectifiers. 

Valve Rectifiers 

The Half-Wave Valve Rectifier 

The elementary circuit of the 
half wave valve rectifier is shown 
in fig. 357. 

A is a transformer by means 
,of which A.C. of the required 
voltage is impressed between the 
anode of the diode valve 13 and, 
through the load circuit, the 
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Fio. ^t57. Half-wave valve rectifier: 
simple circuit. 


ta\ 



V V V 
r\ f\ /\ r 

V D; 

/WWW 




Fig. 350. (a) Sine wave rectifier input, (6) 
half-wave rectification ; (c) full-wave 
rectification. 
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filament. The diode B only conducts when the anode is positive 
with respect to the filament, hence when the end of the secondary 
of A is positive with respect to B electrons will flow in the direction 
of the arrow. When B is positive with respect to A no such electron 
current will flow. Hence current will flow every half cycle and w j 
shall obtain half wave rectification. The exact nature of the 
current will depend on the nature of the load circuit. If this 
consists purely of a resistance the current will follow the 



Fig. 358. Half-wave rectification : Vt rectified 
transformer voltage, Iv valve current, {«) non- 
inductive load ; (6) inductive load. 


voltage of odd cycles of the supply, as shown in fig. 858 (a). 
If it is purely inductive, the current will persist after the supply 
voltage has fallen to zero, as shown in fig. 358 (5). 

Generally, however, we need not consider these two cases in 
detail as the practical case nearly always includes a capacitative 

We then have a circuit as shown below, fig. 359a. Virtually 
the condenser C and valve B are in series across the secondary 
of the transformer A. The valve will pass current only when its 
anode is positivf^ with respect to its filament. Hence the valve 
will pass current only when the transformer secondary voltage 
exceeds the condenser voltage. Since the charging current in the 
condenser is limited only by the transformer secondary reactance 
the condenser voltage will build up nearly as fast as the trans- 



Fio. 359a. Half-wave rectifier with 
capacitative load. 


former secondary voltage until the peak value has been reached. 
After this the secondary voltage falls more rapidly than the 
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Fig. 359b. Half-wave rectification. Condenser charge and discharge voltage. 

condenser voltage, unless the load current is very large, and so 
the yalve ceases to conduct at a point where transformer secondary 
voltage becomes equal to condenser voltage. The condenser 
discharges thereafter through the load in an approximately 
exponential manner until the transformer secondary voltage again 
exceeds the condenser voltage. We thus have an operation 
represented graphically as in fig. 359b. 

The full line represents the voltage which is available for the 
load. The condenser therefore may be said to play the same part 
as a battery. The rate of discharge of the condenser will of course 
vary with the load current. 

The Full-Wave Valve Rectifier 

The basic circuit for full-wave rectification is shown in fig. 360a. 
The secondary of the transformer is centre tapped providing 
two half-windings and Ag. The common lead to these forms 



Fig. 3r)0a. Full-wave valve rectifier basic circuit. 


the negative point of rectified supply. The other ends of A, and 
A 2 are taken to the anodes of two diodes and B.^ whose filaments 
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Fio. 360b. Full-wave rectification. Condenser charge and discharge voltage. 

are taken to a common point which forms the positive of the 
rectified supply. Obviously will conduct over one half cycle 
and B 2 over the other. The arrows show the direction of the 
electron currents. Graphically we may represent the operation 
as in fig. 360b. 

The condenser receives a charge during every half cycle of 
alternator voltage and the condenser voltage ripple occurs at 
twice alternator frequency. 

The single phase full wave rectifier is the one most commonly 
used for voltages up to 1000 volts and at currents up to 1 amp. 
The circuit is simple and requires only one full-wave rectifier valve. 

A modification of the full wave rectifier circuit is shown in 
fig. 361. It consists of a bridge circuit with a diode in each arm. 
Across one half of the bridge the transformer secondary voltage 



Fig. 361. Full-wave valve bridge rectifier circuit. 


is applied, and the rectified supply is taken off the other half. 
The direction of the electron current is shown by arrows ; heavy 
arrows indicating the current for one half cycle and light arrows 
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for the other. The circuit subjects each valve to a lower peak 
inverse voltage than the full-wave rectifier. The efficiency is 
slightly lower because of greater valve loss. 

The Voltage-'Doubling Circuit. 

Another useful form of rectifier with condenser shunted output 
is the voltage-doubling circuit shown in fig. 362. In this two 
condensers, connected in 
series so that their voltages 
add, are charged in alter¬ 
nate half cycles through 
two valves. The load vol¬ 
tage approaches twice the 
transformer secondary 
voltage. 

During one half cycle 
current flows through one 
valve and condenser in 
series, thus charging the 
condenser, and during the 
next half cycle the other 
condenser is charged 
through the, other valve. 

The load is placed across the two condensers and therefore obtains 
a voltage approximately twice the alternating current voltage. 




Fio. 363. Three-phase valve rectifier circuits, {a) Half wave ; (6) full-wave. 
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Three«*Pha8e Connections 

So far we have only considered single phase supply. Three- 
phase rectifiers are not commonly met with in marine installa¬ 
tions but for the sake of completeness we give in fig. 363 diagrams 
of a three-phase star connected half-wave and full-wave rectifier. 

It will be seen that the fluctuation of the unidirectional voltage is 
much less for the three-phase systems than for the single phase. 

The valve used in the rectifiers discussed above consists 
essentially of an anode and cathode mounted in an evacuated 
glass envelope. High vacuum rectifiers similar in design to 
detector diodes, but larger, were at first invariably used. Later 
for full-wave rectification the two anode-cathode systems were 
mounted in the same envelope. More recently still, valv(!s con¬ 
taining mercury vapour have been developed. These give higher 
eflieiency of o})eration and better voltage regulation than the high- 
vacuum type. They possess certain disadvantages, howcv(‘r. Th(‘ 
peak voltage is limited because of danger of breakdown due to 
arcing during the time that the anode is negative, and provision 
must be made to ensure that the anode voltage will not be a])])licd 
before the eathode has attained working temperature. 

Mercury Arc Rectifiers 

Before leaving the subject of valve rectifiers, we ihay mention 
another type wliieh is, however, in general only used in large 
installations and will not be met with on board ship, 'riiis is 
known as the mercury arc rectifier and consists of an evacuated 
glass container with a ])ool of mercury aeding as eathode and a 
number of graphite anodes. In addition to those eleedrodcs 
subsidiary starting and maintaining electrodes are provided. The 
functions of these are to initiate ionisation in the tube and to 
maintain ionisation when the current drops to a low level. 

Metal Rectifiers 

Any device which possesses a non-linear input voltage-output 
current curve may perform the function of rectification of 
alternating current. The valve, the rectifying function of which 
has been treated above, is such a non-linear dcvi(?e. Another 
form of rectifier, developed by the VVestinghousc Brake and Signal 
Company, is the metal rectifier. This consists essentially of a 
copper plate with a thin film of cuprous oxide on it. Connections 
are taken to the copper and to the oxide coating. The element 
thus formed possesses the property that current flows readily 
from the oxide to the copper but presents an extremely high 
resistance to current flow in the opposite direction. No chemical 
change occurs at the junction. Each film will stand a back 
voltage of only a few volts so that it is ordinarily necessary to 
employ a number of films in series. 

Copper oxide rectifiers may be used in the same type of circuits 
as described for valve rectifiers. The two usual circuits used are 
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the bridge type full-wave rectifier and the voltage doubler circuit. 
These are shown in fig. 364. 

Selenium Rectifiers 

The latest development in the field of metal reetifiers is the 
selenium rectifier. This consists of a nickel-plated iron disc to 
which metallic selenium is applied and afterwards subjected to 
heat treatment. In such an clement current will fiow easily from 
the iron to the selenium but only with difficulty from the selenium 
to the iron. Units are ])laced in series as in the case of the copper 
oxide rectifier and similar circuits are used. 

Smoothing Circuits 

Three types of smoothing circuits are commonly used in 
rectifiers. These are shown in fig. 365 (a), (b) and (c). 

The use of a single condenser across the rectifier output, fig. 
365 (a), is usual only when the load current is small. We have 
examined this case above and have seen that the rate of discharge 



Fio. 365. Power rectifier smoothing circuits ; (a) for small load current; (6) for 
heavier load current and good voltage regulation ; (c) better smoothing than (6), 
hut voltage regulation not so good. 
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of the condenser, and hence the smoothness of the supply, varies 
greatly with the load. The smoothing circuit shown in fig. 365 {b) 
is in general the most satisfactory as it provides good voltage 
regulation, low peak anode current and high efficiency. With a 
condenser input, as shown in fig. 365 (c), greater smoothing can 
be obtained but the voltage-regulation is increased. 

The design of smoothing circuits presents certain difficulties. 
It is not proposed to enter here into a theoretical treatment of the 
matter. It may be shown that to give a smoothing factor of a 
the product LC should satisfy the relation—- 
a — LC “1)^ 

where a — smoothing factor (ratio of am])litudc of sinusoidal 
input voltage to amplitude of resulting output 
voltage), 

(X) ~ 2 Tcf, 

/—fundamental frecpicncy lo be suppressed, generally 
50 cycles/sec., 
n — number of sections. 

It may be mentioned here that the highest value of a is found 
when all sections are alike. It is important that the first in¬ 
ductance should be sufliciently large. At full load L should 

exceed where R is the total resistance at full load, 
ouu 

L and C must be chosen so that no section of the filter will 
resonate to the fundamental ripple frequency, or within the 
frequency range of the amplifier with which it is to be used. 

The chokes should always be placed in the positive side of the 
filter. 

Rectifier Circuit for I.C.W. Output 

If the smoothing circuits arc omitted from the output of a 
rectifier supplying a transmitter, uni-dircctional pulses of voltage 
will be sup])lied to the anodes of the valves at the supply 
frequency in the case of single-wave rectifiers and at double the 
supjily frequency in the case of full-wave rectifiers. This fact 
is often made use of when Interrupted Continuous Wave trans¬ 
mission (I.C.W.) is desired. The net result is to enable the 
transmitter to send modulated telegraphic signals on a tone whose 
frequency is given as above. 

Type 752 and 752A FuU^-Wave Rectifier 

It may be convenient here to give details of a practical design 
of rectifier used for marine work. The type chosen for description 
is designed to supply H.T. current to the type 533 transmitter 
and to work in conjilnction with the type 385 motor alternator. 
No D.C. smoothing is provided in the type 752 as this already 
exists inside the transmitter type 535, but smoothing equipment 
for C.W. working is provided on the 752A rectifier which normally 
works in conjunction with a type 719 S.W. transmitter. The 
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Fjg. 3GG. Types 752 and 752a rectifier. 


rectifier is designed for an input of 130v. 500 cycles, A.C. to give 
a D.C. output of llOOv. at 110 m/A. The smoothing is 1 per cent, 
and the peak current to the rectifier anode at 110 m/A output is 
300 m/A. The valve used is a full-wave hard vacuum rectifier 
type XJ20. Wiring diagrams of the two rectifiers are shown in 
lig. 360. 

As the ty])e 752 rectifier differs from the type 752A only by the 
exclusion of the smoothing system and the compensating choke 
to give constant volume values on the transmitter it will be 
convenient to give a technical description only of the latter 
rectifier. 

A 500 cycle A.C. su]:)]3ly at a pressure of some 130 volts is 
supplied to the terminals AC^ and ACg. The supply to the 
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filament transformer is fed from the ACj terminal via the 
filament winding of the compensating choke through Tg primary 
to the AC 2 terminal. A portion of the current passing through 
the filament winding of the compensating choke is shunted by the 
resistance Ri. The A.C. supply to the H.T. transformer is fed 
from the AC^ terminal through the lower winding of the com¬ 
pensating choke to the ACg terminal and so to the gate switch 
and primary of transformer Tj to terminal Kg. Kg is joined to the 
AC 2 terminal by an external key. The H.T. -f terminal is connected 
direct to the centre of the secondary of the filament transformer 



and the H.T. — terminal is connected via the C.W. —I.C.W. switch 
to the centre of the secondary of the H.T. transformer. In the 

I.C.W. position condenser C^ only is connected across the H.T. 
output and in the C.W. position, smoothing is achieved by the 
addition of choke and condensers Cg and Cg. Discharge resist¬ 
ances Rg and R 3 are placed across the condensers to discharge 
them. 

Receiver Power Supplies 

Power supplies for receivers may be derived from one or more 
of the following sources :— 

1 . Small generators driven from accumulators or from A.C. 

or D.C. mains. 

2 . Accumulators. 

3. Dry batteries. 

4. Small rectifier systems. 

5. Vibrator systems. 

Let us consider each of these in turn. 

Generators 

As an example of this type of supply unit, we may quote the 
rotary transformer type 956 which has been specifically designed 
to supply H.T. to the Marconi receiver type 950. This is a small 
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Fio. Typo 05(5 Uotiiry Transform(‘r Outpiifc Kogiilation Curvo. 


rotary transformer with an output of 120 volts D.C. at 100 m/A, 
and an input of 24 volts D.C. Radio frequency and audio fre¬ 
quency filters are incorporated and the whole uqit is contained 
in a sheet metal case. The circuit diagram is shown in fig. 367a, 
and the voltage regulation curve in fig. 867/?. 

Accumulators 

In certain cases botji L.T. and H.T. su])plies are derived from 
accumulators when fairly large ca])acity cells of the order of 
20 amp. hr. will be used for the filament supplies and banks of 
small cells for the H.T. supply. As the subject of accumulators 
has been treated already in Chapter VI, no further information 
need be given here. It may be noted, howcN'cr, that it is more 
usual to find the I^.T. sup[)lies for the receiver being given by 
accumulators while the H.T. supply and grid bias is obtained from 
dry batteries. 

Dry Batteries 

Dry batteries represent the most useful source of power supply 
for both H.T. and grid bias, and with the advent of modern low 
consumption valves even the filaments may very economically be 
supplied from dry cells of the H.T. supply. The relatively light 
weight of such dry batteries makes them particularly suitable for 
use in portable receivers but they are not employed to any great 
extent in marine apparatus. 

Small Rectifier Systems 

Wherever an A.C. power supply is available the most convenient 
method of supplying power at any desired voltage to the receiver 
is to use small rectifier systems of similar types to those previously 
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Fig. 308. Circuit Diagram of Type 889 Power Supply unit, Output D.C. 250v. 
. at f)0 m/a. Il.T. and 24v. at la. L.T. 


discussed, but of much smaller capacity. The filaments of the 
valves may usually be supplied with raw A.C., the design of the 
filament'Cathode assembly being suitably adapted. Rectification 
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of the transformed A.C. voltage may be effeeted by valve rectifiers 
or by metal rectifier systems, but far greater attention will gener¬ 
ally have to be paid to the smoothing than in the case of transmitter 
supplies. 

Vibrators 

Where an A.C. supply is not available for transformation and 
rectification as above described a low tension D.C. supply, for 
example from an accumulator, may first be converted by some 
vibrating system into a pulsating supply and this can then be 
transformed and reetilied. Units which ])rovide this vibrating 
current are known as vibrators and are being used to an increasing 
extent for sup})lying both small transmitters and receivers. 

As an example of this we shall describe a power unit type 889 
which will supply H.T. at a voltage of 250 and a current of 60 
m/A, and L.T. at 24 volts with a current of 1 amp. A circuit 
diagram of this ]X)wcr supply unit is shown in fig. 368. 

The input voltage of the vibrator unit may be either 24 volts, 
100 volts, no volts, 200 volts or 220 volts, I).C\, or 230 volts 
A.C., 500 cycles ])er second. 

The basic circuit embodies a non-synchronous vibrator which 
converts the D.C. supply into A.C. at a frequency of 105 cycles. 
This is supplied to a transformer, the secondary winding of which 
supplies the full wave rectifier. The outjxit from this rectifier is 
connected through a filter to the receiver. The second winding 
provides an output u[) to 24 volts for any recdilicr current operating 
valve heaters. A taj) selects t he (correct size primary'winding for 
the iiijmt voltage. 
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CHAPTER XXII 

VALVE TRANSMITTERS 
Advantages of C.W. Transmission 

C ommunication by means of the continuous wave system 
of transmission offers considerable advantage over other 
methods. 

These include: 

1 . Great selectivity. 

2 . Further range. 

3. Rapid change of wavelength. 

To meet the demand for such apparatus, transmitters which 
differ in size, power rating and general performance have been 
designed by manufacturing companies and some of these are 
described in detail below : 

MARCONI SHIP TYPE VALVE TRANSMITTERS 

The transmitters manufactured by the Marconi Company 
which are in use on board ship at the present time and which 
will be described below, bear the following type titles : 

MC6. 

MC8A. 

MC13. 

MC13A. 

387/8/9. 

386A. 

381. 

533/4. 

Transmitter, Type MC6 

The MC6 is a four-valve transmitter (see fig. 369), having an 
input of 2 kw. and using two MT4 valves in parallel as oscillators 
and two MR4 valves as rectifiers. It has two aerial tuning 
inductances, one covering the range 600-800 metres and the other 
covering 1,900-2,600 metres approximately. The transmitter 
can be used for C.W. or I.C.W. on the 600-800 metre band, and 
C.W. only on the 1,900-2,600 metre band. 

Power Supply 

Power is supplied to the transmitter from a special double¬ 
wound alternator, one part of which supplies H.T. for the anodes 
of the valves, and the other power for the filaments. The two 
parts have independent voltage regulation, and the filament 
alternator is compensated so that the filament volts are kept 
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Fio. 369. Marconi 2 kw. C.W./I.C.W. Marine Transmitter, Typp MCC. 

constant when transmitting, even though the D.C. main volts 
may vary by as much as 10 per cent. Switches and fuses are 
mounted in the starter, thus dispensing with a switchboard. 

The alternator is capable of delivering about 2 kw. to the power 
transformer, which is equivalent to a little over kw. at the 
anodes of the oscillator valves. Power can be reduced to about 
one-tenth of this by reducing the main alternator voltage, which 
is independent of the filament voltage. 

Power Supply Circuit 

The diagram of connections to the machine circuit, which is 
more or less self-explanatory, is shown in fig. 870. 

The three armatures of the motor generator are shown at 
I, II, III. The motor is shunt wound and controlled by the motor 
starter and regulator shown in the top left-hand corner of the 
diagram. The two alternators are controlled by the combined 
voltage regulator, which can be used as a coarse adjustment 
for filament voltages, and also as the power regulator. Guard 
lamps are provided across the A.C., D.C. and L.T. A.C. supplies. 
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Fig. 370. Power Circuit of Marconi MC6 Type Transmitter, 


These are shown at {a), {b), (c), (d)y (e) in the diagram. The 
power transformer is arranged to take two condensers in series 
across the secondary, the centre point being earthed. This is, of 
course, to allow for double-wave rectification and smoothing. 

The MC6 Transmitter Circuits 

A simplified diagram of connections to the transmitter is shown 
in fig. 371. It will be seen from this that the filaments of the 
rectifiers are connected in series, as are also the filaments of 
the oscillators. Voltmeters are provided to enable the valves to 
be worked at their correct settings, and a small adjustable 
resistance is provided in each circuit to enable fine adjustments 
of filament voltage to be made. 

Keying is accomplished by means of a relay operated switch 
which first makes the aerial circuit, then the grid circuit and 
finally the A.C. supply through the three contacts (a), {b) and (c). 
(d) is a shprt-circuiting push button to discharge the smoothing 
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condenser if necessary. This relay is arranged to work on either 
200v., lOOv. or 80v. circuits by a suitable combination of coils 
Provision for I.C.W. is made by a switch which breaks the con¬ 
denser in the smoothing system, thereby allowing the frequency 
of the generator to be impressed on the carrier wave. 

. The transmitter is arranged for “ listening through,” that is 
to say, the receiver is switched into circuit every time the key 
is released, and no send/receive switch is used. This work is 
performed by the relay mentioned above. 

Aerial Tuning Inductances 

Each of the aerial tuning inductances is arranged so that the 
whole of its respective band of waves can be covered by the 



Fio. 371. Marconi 2 kw. C.W./I.C.W. Transmitter, Type MC6. Connection Diagram. 
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movement of the variometer only, but for large changes in wave¬ 
length the reaction will require fine adjustment to obtain best 
results. Each A.T.I. is adjusted on the ship for the various 
waves in use, and spring catches are provided so that the vario¬ 
meter can quickly and accurately be placed at the position required 
for wavelengths of 600, 700 and 800 metres. The long wave 
A.T.I. is calibrated in kilocycles to be in accordance with modern 
practice, which allows ships to make use of odd numbered kilo¬ 
cycles from 159 to 111, omitting certain specific frequencies 
reserved for coast stations. 

Aerial System 

The aerial arrangement recommended for the MC6 transmitter 
has recently been modified and now consists of two aerials, change¬ 
over from one to the other being effected by means of two switches. 



Fig. 372. Marconi ^ kw. I.C.W. Transmitter, Type MC8A. Circuit Diagram 
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Transmitter, Type MC8A 

The MC 8 A is a single valve transmitter of approximately 
h kvv. input rating designed to give I.C.W. only on a range of 
wavelengths from 600-850 metres. 

A general diagram of connections of the transmitter is shown 
in fig. 372. It will be seen that no rectifying valve is employed, 
and that, consequently, the transmitter only oscillates during 
the positive half-cycle of the A.C. supply. 

Thus if ABCD (fig. 373) be the curve of voltage obtained from 
the secondary of the transformer, the oscillator valve can only 
work on the shaded parts of the curve, so that if the alternator 
has a frequency of 1 , 000 -, the transmitter note will have a 
frequency of 1 , 000 -. 

The aerial circuit of the transmitter is tuned by means of a 
variometer to the three spot waves of 600, 700 and 800 metres, 
the positions of the variometer for these three waves being 
marked by spring clips after the transmitter has been finally in¬ 
stalled on tlie ship. 

Variable reaction from the grid circuit is applied to the aerial 
circuit, and to improve the elficiency a fixed condenser is eon- 
nected aeross the reaction coil. For ordinary work when an 
optimum position of this coil has been found, the coil may be 
left in this position for transmission on any of the three wave¬ 
lengths. When full power is needed, however, an individual 
adjustment of the reaction coilis beneficial. 

It will be seen from the dia¬ 
gram that the circuit of the 
transmitter is very similar to 
that of the MC 6 or MC3 with¬ 
out their rectifier systems. 

The system of keying the 
transmitter as shown in the 
diagram is similar to that used 
on the MC6. 

Power Supply 

The diagram of connections for the transmitter also indicates 
the method of power supply. The main alternator is a twin 
machine, one armature delivering A.C. at 1 , 000 - for the anode 
feed to the valve, and the other A.C. at 270- for the filament. 

Part of the field of the filament alternator is supplied by a few 
turns which are in series with the D.C. armature so as to strengthen 
the field when the machine is running under load. The number 
of turns on this compensating winding can be altered to suit 
particular requirements. In ships where the D.C. volts at the 
brushes of the motor drop when the key is pressed, all or nearly 
all of the compensating winding will be required, but in ships 
where the D.C. volts remain steady only about two turns may 
be needed. 
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Aerial System 

A single wire copper aerial is used in conjunction with this 
transmitter. In order to get satisfactory tuning the size of the 
aerial must lie between definite limits. It must not exceed 350 
feet, and should not be less than 250 feet, including downlead. 
Either a T or L aerial may be used. 

The 1^ kw. LC.W. Transmitter, Type MC13 

The transmitter type MC13 is equipped with one oscillating 
and two rectifying valves as shown in fig. 374, and is arranged 
to give I.C.W. transmission at a note of approximately 1,000 
cycles on a wave-range of from 600 to 800 metres. It is relay 
operated in a similar manner to the MC6, the relay contacts 
being shown at (a), (b) and (c). 

The tuning is carried out by means of a variometer, the positions 
for the three spot waves being marked by means of spring clips. 
The transmitter must be calibrated and the position of these 
clips fixed after it has been installed. 

The motor generator supplies A.C. at 220 volts 500 cycles 
for both power and filament lighting. By means of a filament 
transformer and filament resistances, the correct voltage of 13 
is applied to the three valve filaments. There are independent 
switches for the filament and power circuits, but the power circuit 
cannot be completed before the filament circuit. The aerial 
current is under control by means of a power regulator which 
may be of either the inductance or resistance type. 

This transmitter is usually fitted in conjunction with an 
emergency transmitter, and a single wire aerial is employed, 
as for the MC8A. 

The I.C.W. note of the transmitter can be varied considerably 
by altering the speed of the machine, but in all cases the correct 
A.C. voltage (220) must be maintained by suitable regulation. 

kw. C.W./LC.W. Transmitter Type MC 13A 

This is a modification of transmitter type MCl3 arranged for 
C.W. and I.C.W. on wave ranges from 800-2,600 metres. The 
three-point oscillatory circuit is employed (see fig. 375), the 
reaction being controlled by the amount of inductance between 
filament and earth outputs. The tuning is carried out by means 
of variometers and tuned spiral inductance. One of the vario¬ 
meters is fitted in the centre of the first section of the ATI for 
use on the wave band 600-800 metres, while the second variometer 
is fitted in the centre of the third section for use on the longer 
wave ranges, the strap connections being left open when using 
the longer waves. 

The motor alternator is wound to suit the voltage of the ship’s 
mains and gives its output at 180/240V. A.C., 500 cycles, which is 
fed into the primary of a high-power transformer type 96A or 
type 396, and the output from the transformer is distributed to 
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Fio. 374. The Marconi 1^ kw.I.C.W. Transmitter, Type MC13. 
Connection Diagram. 
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Fig, 375. Wiring Diagram of IJ kw. I C.W. Trarisniiltcr Typo MC J3A. 

two rectifying valves type Mil.I connected in parallel, and the 
rectified smoothed H.T. is then supplied to the oscillator valve 
type MT.4. 

Marconi Marine 2 kw. Transmitter Type 388 with Rectifier Panel 
Type 387 and Long Wave Tuning Inductance Type 389 

This combination, lig. 376, consists of three units, i.e., rectifier 
panel type 387, Medium Wave Oscillator panel type 388 and Long 
Wave Aerial Tuning Inductance ty])c 389, and covers the wave 
range of 600-800 (C.W./I.C.W.) and 1,800-2,400 (C.W.) metres. 

The rectifier panel type 387, fig. 377, is designed to supply a 
high-tension voltage of 10,000 volts at a feed current of about 
150 milliampercs to the medium wave oscillator panel type 388 
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and is also capable of supplying a feed current of up to 300 
milliamperes at 5,000 volts to the short wave transmitter type 550, 
described in Chapter XXVI. For the purpose of changing over 
the high-tension supply from the rectifier for use on either the 
oscillator panel type 388 or short wave transmitter type 550, a 
switch is provided on top of the main transformer which is 
situated in the reetifier panel. 

The MT.Ob valve used in the type 388 oscillator panel and the 
MT.14 valve used in the short wave transmitter also have their 
filaments heated by alternating current taken direct from the 
rectifier panel. 

The rectifier is supplied with alternating current direct from 
the A.C. terminals of a standard 2-kw. Maekie machine, which 
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The voltage and filament supply necessary for these valves is 
given hereunder : 

Type. Volts. Amps. 

MR.4 12.5 6.3 

MT.eb 15.5 10.0 

MT.14 13.5 13.5 


The medium wave oscillator panel type 388* fig. 378, is arranged 
to carry the medium wave A.T.I. for 600 to 800 metres 
transmission, and oscillator valve type MT.6b, and a special 
change-over switch which allows the long wave A.T.I. type 389 
to be thrown on to the oscillator valve type MT.Ob. The aerial 
tuning inductance type 389 is a simple A.T.I. in which the anode 
tap is taken to the centre point of the variometer. 

For the purpose of making adjustments on the type 388 
transmitter there are five semi-permanent connections linked on 
to the aerial tuning inductance. The one connecting to that part 
of the switch marked A.T. in fig. 378 is the anode tap. This 
normally should be furthest to the left and within eight or nine 
turns of the end of the aerial tuning inductance. The next two 
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connections will be found to come from the left and right hand 
sides of the switch respectively. The one on the left hand side 
of this switch should be plugged into the A.T.I. about six turns 
below the anode tap, and the connector to the right hand side of 
the switch should be plugged in about eight or ten turns lower 
than the first. Of the two remaining connectors to the aerial 
tuning inductance one is connected direct to the type 388 panel 
marked A.A. and should be connected furthest to the right, on 
the aerial tuning inductance. The remaining connection, which 
is the filament or reaction tap, should be connected about four 
or five turns to the left of the earth tap. 

With the various taps on the aerial tuning inductance correctly 
adjusted and with the switch on the type 388 panel in the position 
“ medium-wave,” the key may be depressed. 

Adjustments may be necessary to the tuning of the inductance, 
both to enable oscillation generation to take place and also to 
obtain the best conditions for the latter. After final tuning up 
with the wave-range switch in the position 600-700 metres, the 
variometer should cover from 590-710 metres and with the switch 
in the 700-800 metre position, the variometer should cover from 
680 to about 820 metres. 

The anode tap should be adjusted to give a feed not greater 
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than 160 milliamps on I.C.W. Under these conditions an aerial 
current of 12 amperes or more may be expected in a reasonable 
ship’s aerial. 

The long wave aerial tuning inductance, type 389, is very similar 
to but larger than the medium wave aerial tuning inductance. 
One point to be noted is that the anode tap is fixed and an increase 
of anode tap is made by lowering the aerial tap with a consequent 
lowering of both the filament and earth taps and vice versa. As 
before, the distance between the filament and the earth tap 
represents the reaction. 

Under normal conditions, after tuning, the variometer should 
cover a wave band of approximately 1,850-2,400 metres without 
serious change in the feed current; also an aerial current of 
10-12 amps, should be obtained with utilizing C.W. It is 
emphasized that I.C.W. must not be used on these longer wave¬ 
bands. The short wave transmitter type 550 should be tuned in 
accordance with the instructions given in the short wave chapter. 

An installation wiring diagram of the complete equipment is 
shown in fig. 379. 

Type 386A Transmitter 

This transmitter, fig. 380, is similar to the type 386 except 
that, in addition to the 600-800 metres wave band, it also covers 
the C.W. band of 1,800-2,400 metres. A separate description of 
the type 386 will not be necessary therefore. 

Three valves are utilized, two MU.4 rectifiers and one an 
oscillator MT.6b. A single oscillating circuit is employed as 
shown in figure 381, reaction being obtained by means of tapping 
the aerial tuning inductance itself. 

Double rectification gives a note frequency of about 1,000 cycles. 
Tuning is carried out by means of an aerial tuning inductance 
divided into two separate windings, each winding carrying its 
own variometer. 

Under the handle of the filament compensator is situated a 
knob for discharging the condenser. Great care must always be 
taken to see that this knob is fully pressed home before any part 
of the set is handled. 

The supply from the motor-alternator is at 220 volts, 500 
cycles, and a 4-mfd. condenser is placed across the transformer to 
improve its power factor on load. 

The output from the secondary of the power transformer is fed 
to two MR.4 valves which are in parallel, and the rectified H.T. 
is supplied to a transmitting valve type MT.6b. 

Filament current of 13 amperes at 12.5 volts for the two MR.4, 
and 10 amperes at 15.5 volts for the MT.6b, is supplied by low- 
voltage transformers fed from the motor alternator. 

A filament resistance in series with the primary of the oscillator 
filament transformer will enable the voltage on the oscillator 
filament to be adjusted accurately to suit the voltage of the 
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rectifiers. When this has been done the machine should be 
closed down, the anodes of the rectifiers connected, and the anode 
and grid of the oscillator valve connected. 

The filament compensating choke operates in the filament 
transformer circuits so that when a load is placed on the high- 
tension transformer the valve filaments remain at a steady 



Fig. 380. Marconi IJ kw. C.W./I.C.W. Transniittor typo 380A. 
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Fig. 381. Wiring; Diagram of 1J kw. CVV/ICW. Transmitter Type 380A. 
000-800 metros. 1,800-2,400 metres 


brilliancy. Compensation is adjusted by means of the movable 
core in the choke. 

The aerial should be connected to what is thought to be 
approximately the correct position, and with the power regulator 
set at a low power adjustment, the power should be switched on. 

The key should then be depressed momentarily, and if the aerial 
ammeter shows current, the key may be held down sufTicicntly 
long to take a wavelength reading. 

On an average aerial of, say, .0005 /xF capacity with full power, 
an aerial current of 15 or 16 amps, ought to be obtained on 
600 metres, and 10-12 amps, on 2,100 metres. The actual-current 
depends on the aerial resistance, but under no circumstances 
should the aerial current be less than 10 amperes when the trans¬ 
mitter is correctly adjusted and run on full power. 

Adjustments to the wavelength are carried out by varying the 
aerial tap. The reaction tap should be as near to the earthy end 
of the A.T.I. as possible, where greater efficiency may be expected. 
A point will be reached when, if these tappings are too close, the 
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set will not oscillate. On wavelengths from 600-800 metres a 
filament (reaction) tap of four to six turns from the earth end 
will probably be found sulTicicnt. On the 2,000 metre band the 
filament tap will probably be best at ten to fifteen turns from earth. 
The anode tap is usually a few turns below the respeetive aerial tap. 

The aerial is taken to one of two points on the aerial tuning 
induetance. 

For transmission on 600 metres, the seetions of the A.T.I. are 
separated and the smaller section is utilized. The change over of 
adjustments from long to medium wave or vice versa is carried 
out by means of a plug and socket board, this board being mounted 
inside the transmitter and on the lower side of the inductance. 

The anode feed current should not exceed 150 milliamps under 
any condition on board ship, but on test a feed current of 170 
milliamps is permitted in order to impose a maximum stress on 
the transmitter. 

Listening-through arrangements are provided by means of a 
coil impedance included between the earthy end of the aerial 
tuning inductance and the actual earth bolt on the ship. This 
makes it possible to listen or break through on transmission by 
merely raising the key and leaving the send receive switch in the 
“ send ” position. The employment of this system for listening- 
through gives the important advantage that, during reception on 
any .wavelength covered by the transmitter, use is made of 
the ability of the aerial system to be tuned to the given wavelength. 
This not only gives a further tuned circuit for selectivity, but 
this (dreuit is of a much higher order of selectivity than any circuit 
which can economically be included in the receiver. It is possible 
to use this system for listening to stations detuned as much as 
20 per cent, from the normal wave of the transmitter, provided a 
strong signal is being received. 

In addition to this listen-through arrangement, a send-receive 
switch is supplied as, in certain cases, reception will be better 
when using the send-receive switch than if use were made of the 
listen-through device. 

If listening-through is required in cases in which the received 
wave may be detuned as much as 20 per cent, from the transmitting 
wave, reception will be improved by connecting terminal No. 1 or 2 
to receiver A terminal via send-receive switch ; the best position 
may be chosen by trial but, where possible, the minimum amount 
of inductance should be used for the listening-through coil. It 
must be renniembered that variation of the tap on the listening- 
through coil will slightly affect the wavelength of the transmitter 

0.5 kw. C.W./I.C.W. Transmitter, Type 381 

This transmitter, fig. 382, is designed to operate on C.W. or 
I.C.W. over a wave range of 600-800 metres. It employs one 
oscillating valve type 250 and a simple three-point oscillatory 
circuit consisting of the aerial and the aerial tuning inductance 
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with suitable tappings, as shown in fig. 383. The power for the 
transmitter is obtained from a 0.5 kw. motor alternator run off 
the ship’s mains and delivering 0.5 kw. at unity power factor, 
100 volts, 500 cycles. The output from the alternator feeds the 
primary of a high-voltage transformer, the secondary of which 
provides high tension for the tw'o MR.l valves, used in bi-phase, 
which provides a frequency on I.C.W. of 1,000 cycles/sec. The 
H.T. supply is cut off by means of a gate safety switch when the 
cover is opened ; the filaments of the rectifier valves are lighted 



Fig. 382. Marconi 0.5 k.w. C.W./I.C.W. Transmitter, Type 381. 
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from the low-voltage transformer—as is also the filament supply 
for the oscillator valve—and the oscillator filament voltage is 
controlled by a rheostat in the primary circuit of its lighting 
transformer. When the C.W./I.C.W. switch is on the I.C.W. 
position this removes the choke and condensers from the circuit. 
They are replaced to give smoothed H.T. to the anodes of the 
oscillator valve when the switch is thrown over to C.W. The 
compensator choke maintains the filament voltages sensibly 
constant while keying, when the load on the machine is 
intermittent; it has two windings and an adjustable iron core 
and operates in the following manner : 

One winding is in series with the filament transformer primaries, 
the other in series with the primaries of the II.T. transformer. 
When the current is switched on the valve filaments, it passes 
through the filament winding of the compensator, developing a 
voltage which reduces the input to the filament transformer 
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primaries. On depressing the operating key, the current to the 
H.T. transformer primary passes through the compensator power 
winding and develops a corresponding field in the core. The 
windings are arranged in such a manner that the flux producing 
voltages in these coils are in anti-phase, such that the flux which 
results from the primary current annuls the flux due to the filament 
winding with a consequent loss of voltage across it. This loss in 
voltage tends to raise the filament volts and this balances the 
drop in machine volts due to the load, so that an adjustment 
giving a compensated condition when the two tendencies cancel 
each other can therefore be attained. 

As the drop in volts in the machine is due to : 

1. ‘The inductance of the machine, 

2. Drop in speed of the machine, 

there will be one condition of compensation for key-down load 
and another for keying load, since the speed of the machine will 
be different in each case. The compensator choke should be 
adjusted for the keying load therefore, since this is the operating 
condition. The adjustment is made by varying the position of 
the iron core choke until the filament voltmeter readings remain 
constant at their correct values. 

The following notes on tuning this transmitter may be of use : 

The oscillatory condition of the circuit is controlled by the 
anode, filament and earth taps and tuning is controlled by the 
two aerial taps. 

For a preliminary test, the earth tap may be made 
approximately three turns from the left-hand end of the 
inductance, the filament tap approximately four turns to the 
right of this earth tap and the anode approximately 33 turns 
to the right of the rotor spindle. The anode taps should now 
be used until the full swing of the variometer covers a range of 
wavelengths roughly from 580-720 metres for one aerial tap and 
700-820 metres for the other. Having fixed the aerial tap 
positions, the most efficient oscillatory conditions may be attained 
by moving the filament and anode taps. It is clear that alteration 
of the earth tap will interfere with the tuning adjustments made 
earlier, while change in anode tap will do likewise but to a less 
degree. The maximum feed current ])ermissible is 80 m/A, the 
aerial current values about 6.5 amps, for 600 metres and 6 amps, 
for 800 metres. The adjustment of reaction and anode tap are 
interdependent and when tuning the reaction should be kept at a 
minimum compatible with the satisfactory covering of the entire 
wave range of 600-800 metres, while the position of the anode tap 
is found for best results. The adjustments being such as to keep 
the change of feed current with the change of wave range by 
variometer at a minimum. 

0.25 k.w. C.W./LC.W. Transmitter, Type 533 with Rectifier Type 534 

This transmitter, fig. 384, has a nominal aerial rating of 100 
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watts and is designed to operate on C.W. or I.C.W. over a wave 
range of approximately dOO-HOO metres. 

Power supply is obtained from a lOO-volt, 500 cycles, motor 
alternator which delivers 0..‘5 kw. at unity power factor, the motor 
being energized by a 24-volt battery. 

The oscillatory circuit, fig. 385, is of the three-point type, in 
which the aerial and other tappings are made on the tuning 
inductance. Two DET.l type valves are used in parallel, the 
filament lighting being provided by a low-voltage transformer. 
The H.T. supply for the transmitter anodes is obtained from a 
i^bpper oxide rectifier type 534, fig. 386, which has twelve units 



Fio. 381. Marconi 0,25 k.w. C.W./I.C W. Transmitter, Type 533/534. 
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Fig. 385. Internal Wiring Diagram of C.W./LC.W. Transmitter, Type 533 \\ith Rectifier. Type 534. 
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arranged in bridge formation, three units in each arc of the bridge. 
These units are, together with the H.T. transformer, mounted in 
a metal framework from which they are insulated, and this frame 
is screened by a perforated metal cover which operates a gate 
switch in the L.T. supply lead when the cover is removed, and so 
automatically cuts off the II.T. supply of approximately 150 m/A 
at 1,000 volts on full load from the transmitter. 

The three instruments mounted on the upper part of the front 
panel are as follows : 

Filament Voltmeter, 0-8 volts. 

Feed Current Milliarnmeter, 0-200 m/A. 

Aerial Ammeter, 0-6 amps. 

The tuning variometer has been placed in the centre of that 
portion of the inductance which has to form the necessary reaction 
component, so that as the rotor of the filament control is moved to 
increase the wave range, the amount of reaction is increased and 
at the same time the effective position of the anode output is also 
raised. If the filament output is chosen carefully, then an 
increase of reaction and increase of anode output move in step, 
with the result that the aerial current and the feed current remain 
sensibly steady over the complete wave range. 

Type 556 Send«'Receive Magnetic Relay 

In most cases it is desirable to be able to receive signals in the 
intervals of transmitting. Thus, immediately the transmitter key 
is released the receiver should become operative and, when it is 
depressed, the receiver aerial should be earthed in order that no 
harm may be done to the receiver. 

To enable this “ break-through ” working to be accomplished, 
a magnetic relay has been designed and is normally fitted in 



FlO. 380. Copper-oxide Rectifier, Type ,">31. 
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Fio. ^89, Typical connections of 5oG Relay to |kw. Transmitter Receiver Equipment. 
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become the fulcrum, and the lever movement reverses in direction 
operating against the helical spring until contacts C close. If the 
adjustments are made properly it is impossible for contacts at C to 
close before those at B. 

When the supply energizing the solenoids is interrupted, the 
flat strip-spring attached to the armature and partially anchored 
by the slotted pillars at each end of it returns the armature to a 
position determined by the adjustment of contacts A. The 
helical spring ensures that contacts C open before those at B. 
When the supply to the solenoids is made, again, by the operating 
key, the cycle of operations is repeated. 

RADIO COMMUNICATION COMPANY'S C.W. TRANSMITTERS 

Three continuous wave transmitters manufactured by the Radio 
Communication Company will be described below ; these are : 

^ kw. C.W./I.C.W. valve transmitter. Type T29. 
kw. C.W./I.C.W. valve transmitter, Type T22. 

IJ kw. C.W./I.C.W. valve transmitter, Type T32. 

The } kw. Marine Valve Transmitter 

The ^ kw. type T29 transmitter is designed for I.C.W. and 
C.W. transmission on the usual marine waves from 600 to 800 
metres, and for emergency spark working on 600 metres. 

It has a normal range for C.W. working of 800 miles, and for 
I.C.W. of 400/500 miles, on an average marine type valve receiver. 

The emergency transmitter which is operated from a battery 
is of the quenched spark type of J kw. rating, and except for the 
aerial tuning inductance it is quite independent of the valve 
transmitter circuit. 

The transmitter (fig. 390) consists of a compact self-contained 
structure within which arc mounted the various components, 
including the valve, and spark apparatus, the whole being 
enclosed by a removable gate and panels, giving easy access to 
all parts. An automatic protection switch is fitted so that the 
high-tension supply is interrupted when the gate is opened. The 
single large oscillating valve is mounted in a spring carrier 
specially designed to minimize danger from shock or vibration, 
and at the same time allowing easy replacement. A reversing 
switch is provided for the low-tension supply to ensure 
symmetrical wear and maximum life of the filament. 

The circuit arrangements employed (fig. 391) have the advantage 
that the grid and anode tappings remain fixed for all wave lengths, 
although it is easy to move them to suit the conditions of any 
aerial characteristic. In consequence, instantaneous wave 
changes can be effected by means of a single control. 

The aerial tuning inductance is suitable for tuning over a 
wave-range from 585 to 815 metres with any ship’s aerial likely 
to be used. The wave-change switch provides about twenty 
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steps of wave adjustment between these limits, and is provided 
with an engraved scale on which the normal wavelengths are 
marked by indicators. 

Three instruments indicate the filament, voltage, V/, feed 
current I/), and aerial amperes I a. 



Fig. 390. Radio Comimmication Co. h k\v. (WV./I.C.W./Spark 
Transmitter, Type T29. 


A three-position switch provides low, medium or full power 
control, while a similar switch serves to select C.W., I.C.W. or 
spark (emergency) transmission. 

The components of the emergency transmitter comprise a 
500-cycle motor-generator and high-tension transformer T, 
high-tension condenser C, and a quenched spark gap S, of the 
standard R.C.C. silver electrode type. 

A single Morse key with heavy self-aligning contacts is used 
for all methods of transmission. For I.C.W. working an inter¬ 
rupter mounted on the motor-generator shaft is connected in 
scries with the key, the circuits being such that 100 per cent, 
modulation is obtained. 
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The approximate overall dimensions of the ^ kw, valve 
transmitter are: width, 19ins.; depth, front to back, 20ins,; and 
overall, 30ins., the approximate weight being 70lbs. 


Main Motor--Generator 

This is a direct-coupled motor-generator set, providing both 
H.T. and filament supplies. 

The standard motor is wound for 110 volts or 220-volt D.C. 
according to the ship’s supply, and is specially arranged to be 
self-regulating, thus ensuring a practically constant speed even 
with very considerable variation of the supply voltage. 

The high-tension output is 500 watts at 2,000 volts D.C., and 
the low-tension output 200 watts at 20 volts, the excitation in 
both cases being provided from the latter supply. 

The T29 has recently been modified by substituting a new form 
of interrupter for the mechanical interrupter. 

The new interrupter is essentially an alternator having a 
frequency of 800 cycles. The low-tension output from the alter- 








HANDBOOK OF TECHNICAL INSTRUCTION 



Fig. 392. Wiring Diagram of i kw. I.C.W.-Spark Transmitter, Type T29. 
when fitted with Electrical Interrupter. 


nator is transformed to an amount which makes its peak voltage 
approximately equal to the D.C. II.T. output from the machine 
used on the J kw. transmitter. This alternating current is 
superimposed upon the high-tension D.C. feed to the anode of 
the valve, with the result that approximately 90 per cent, 
modulation is given to the D.C. high-tension supply. 

Owing to this very high percentage of modulation, the power 
output on I.C.W. on this new system is increased from approxi¬ 
mately J kw. to about | kw., though the feed current appears to 
remain constant both on C.W. and I.C.W. conditions. 

A new key has also to be fitted owing to the fact that use is 
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made both of the front and the back contacts, the front contacts 
breaking the alternating current supply to the primary of the 
transformer, while the back contacts perform the usual function 
of keying the transmitter. Obviously, when I.C.W. is not in 
use the front contacts of the key are not employed. 

A wiring diagram of the transmitter when fitted with the new 
type of interrupter is shown in fig. 392. 



1 


Fig. 393. Radio Coininunication Co, H kw. C.W./I.C.W./Spark 
Transmitter, Type T22. 


The kw. Marine Valve Transmitter 

The kw. C.W./I.C.W. transmitter type T22 (fig. 393) is 
designed for interrupted continuous-wave transmission, in lieu 
of spark, on a wave-range of (>00-800 metres and long distance 
continuous-wave transmission on 1,800-2,000 metres. 

The normal range of the kw. set for continuous wave is 
1,500 miles, and for interrupted C.W. 750-1,000 miles. 
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The emergency transmitter associated with it is operated from 
a battery, and is thus independent of the ship’s supply. It is 
of the quenched spark type of J kw. rating, and conforms with 
the latest practice. 

All the components of the transmitter with the exception of 
the A.T.I. are contained in an angle-iron structure which is 
enclosed by an expanded metal gate and removable panels, 
giving easy access to all parts of the apparatus. Automatic 
protection switches are fitted so that the high-tension supply is 
interrupted when the gate or panels are opened. 



Fig, ^91. lladio Conimuniration Co. l.\ kw. C.W./T.C.W./Spark Transmitter, Type 
T22. Connection Diagram. 


The valves employed comprise two type MR4 rectifier valves, 
and one type MT6B oscillator valve, which are carried on spring 
clips. 

The filament controls (fig. 394) consist of two regulating chokes 
Lr and ho, and a compensating choke he to maintain the filament 
voltages constant during the intermittent load of Morse trans¬ 
mission. Power control is effected by a switch P.S. associated 
with a choke in the primary circuit of the main transformer. 

For C.W. transmission a steady high-tension supply is ensured 
by an efficient smoothing circuit, and for I.C.W. working this 
is disconnected by withdrawing a switch, when the output is 
modulated at the frequency of the rectified H.T. supply, i.e. 
1,000 per second, giving a high and distinctive note. 

Three indicating instruments are provided, these being, from 
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left to right (fig. 393), aerial ammeter, H.T. feed milliammeter 
and filament voltmeter. 

The aerial tuning inductance consists of heavy plated copper 
strip wound edgewise on grooved insulating supports and mounted 
on top of the angle-iron frame. Any of four wavelengths can be 
obtained by means of the wave-change switchgear, and indicators 
are provided to facilitate the selection of other waves. A guard 
is fitted in front of the inductance, and this also carries the valve 
record cards. 

The approximate dimensions of the kw. valve transmitter, 
excluding wave-change switchgear and guard, are: width, 2ft. 2ins.; 
depth, front to back, 1ft. S^ins. ; height over all, 3ft. Tins. The 
wave-change switchgear projects about 4ins. to either side. 

The send-receive and power control switches are independent 
fittings. 

Main Motor **Alternator 

This machine consists of a continuous-current motor and a 
single-phase alternator constructed as a single-frame unit with 
two ball bearings. The motor, which is controlled by means of 
an automatic starter operated by a double-push button unit 
fitted near the operator’s key, is wound either for operating 
from a 110 or from a 220-volt D.C. supply, and the alternator 
develops 1J kw. with .7 power factor at 200 volts, 500 cycles. 

The kw. C.W. Attachment, Type TASS 

This is an attachment manufactured by the Radio Communica¬ 
tion Company which is used to convert the old 1^-kw. spark set 
to a continuous wave transmitter, suitable for working on wave¬ 
lengths of 1,800-2,600 metres, up to a distance of 1,500 miles. 

The circuits and components are similar to those employed 
in the type T22, and are contained in a substantial angle-iron 
structure enclosed by an expanded metal gate and panels, giving 
easy access to all parts of the apparatus. Automatic protection 
switches are fitted so that the high-tension supply is interrupted 
when the gate or panels are opened. 

A circuit is provided to smooth out the ripple of the rectified 
A.C. supply. 

The valves en^loyed consist of two type MR4 rectifier valves 
and one type MT6B oscillator valve. They are easily accessible 
for replacement, and are fitted on specially sprung clips designed 
to obviate risks from shock and vibration. 

Two transformers supply current to the rectifier and oscillator 
valve filaments respectively, and the power control is effected 
by means of a switch operating a choke in the primary circuit of 
the main transformer. 

Three indicating instruments are provided, an aerial ammeter, 
H.T. feed milliammeter, and filament voltmeter. By means of 
a press switch, the latter instrument indicates the voltage of 
either oscillator or rectifier filaments. 
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Three adjustable chokes are fitted, two of which serve to control 
the oscillator and rectifier filaments respectively, whilst the third, 
a compensator choke, is cut out of the main circuit when the key 
is pressed in order to maintain the filaments of the valves at a 
constant degree of brightness during the intermittent load of 
Morse transmission. 

The A.T.I. and its fittings are similar to the T22 assembly. 

Accessory Equipment 

The change over from spark to C.W. working has been effected 
by means of a multi-contact long-break switch fitted inside the 
structure of the old 1^-kw. Q.G. spark transmitter and operated 
by a knob projecting through the main control panel. 

For use with the R.C.C. 1 kw. synchronous spark set the 
following accessory equipment is provided : 

Spark to C.W. Power change-over switch and fittings. 

Aerial change-over switch mounted on heavy porcelain 
insulators. 

Send-receive switch. Power control switch and all necessary 
connections. 

li kw. C.W./I.C.W. Transmitter, Type T. 32 

This type of transmitter, fig. 305, is designed for interrupted 
continuous wave transmission on a wave range of 600-800 metres, 
and long-distance continuous wave transmission on 1,800 to 
2,600 metres. 

Two valves, type MR.4, arc employed for rectifying the high 
tension A/C, and one type MT.6b valve is used as an oscillator. 

Referring to the diagram of connections, hg. 396, it will be 
noticed that an unusual circuit arrangement is employed in that 
the anode of the oscillator valve, instead of passing first through 
the usual reaction winding, is taken directly to the H.T. positive 
terminal of the rectifier. An H.F. by-pass condenser, which is 
permanently connected across the supply terminals, provides an 
effective return circuit for the valve anode to the earth end of the 
main inductance, as the terminals E and A are connected together 
and to earth by the transmit/receive switch during transmission, 
thus also completing the D.C. circuit from II.T. negative through 
the milliammeter via terminals E and A, and the aerial ammeter 
to the earth end of the main inductance, and via the portion 
E to F of this inductance to the filament. One side of the filament 
is connected by means of a tap marked “ F ” to a suitable point 
on the inductance, and the filament is supplied by means of a 
specially insulated low-capacity transformer, as the filament is in 
this circuit at a high-frequency potential. The grid is eonnected 
by means of a tap “ G ” to a suitable point on the inductance on 
the aerial side of the filament tap. Thus it will be seen that the 
voltages set up between the anode and the grid taps will be, as 
desired, in antiphase. 

The main point of interest and great advantage of this eircuit 
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is the fact that, although the H.T. current is fed through a portion 
of the main inductance, thus eliminating the necessity for the use 
of an H.F. choke coil in the anode circuit, this portion of the main 
inductance forms a part of the H.T. negative circuit connection 
which is at earth potential D.C., thus protecting the operator 
from a serious shock by accidental contact with the inductance. 
Keying is carried out by breaking the primary circuit of the H.T. 
transformer. 

For continuous wave working a steady high-tension supply is 
ensured by elTicient smoothing arrangements and for I.C.W.working 
this smoothing circuit can be disconnected by means of a switch 4 
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Fid. 3i)t5' Wiring Diagram of kw. C.W./I.C.W./SPK. Transmitter, Type T32. 


The filament controls consist of two regulating chokes and a 
compensating choke, which maintain the filament voltages 
constant during morse signalling. 

Power control is obtained by means of a switch associated with 
a choke in the primary circuit of the main transformer. 

The 500-cycle single-phase alternator is driven by a continuous 
current motor which is controlled by means of an automatic 
starter operated by a double push-button unit fitted near the 
operator’s key. 

The main transformer is fitted to the spark set when installed, 
or on the C.W. set when the spark set is not installed. The 
transformer secondary winding may be considered as having two 
windings with one terminal of each connected to earth via the 
milliammeter. The other terminals are connected by highly 
insulated leads each to an anode of the two rectifying valves. 

Should the grid resistance become disconnected or broken this 
will cause the grid to become too negative, and the valve will cease 
to conduct, resulting in a spark across the smoothing condenser. 

The aerial inductance has a switch at one end, the blade of 
which may select from four contacts which are connected by 
clips to the inductance. The wavelength may be adjusted by 
moving the aerial switch. 
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For a preliminary test use the following tapping points. The 
earth tap at the first turn of the inductance ; the filament tap 
from the middle front insulator on the fortieth turn and the grid 
tap on the forty-fifth turn. Put the aerial switch to the tap on 
the seventy-fifth turn. 

The filaments are lighted by transforming the alternating 
current from the motor generator down to a suitable voltage. 
The rectifier valves are connected in parallel and lighted from 
one transformer and the oscillator from another. A filament 
choke is fitted to each transformer to allow correct voltage 
adjustment. 

For tuning, measure the wavelength on low power by a wave- 
meter, and adjust aerial tap to give the correct wavelength. Put 
power switch to “ full ” and press key again, carefully noting that 
the feed milliammeter does not exceed 200 : also that the valve 
anodes do not get hot. Readjust compensating choke if necessary. 
On full power the aerial ammeter should show about 8 amps. 

The feed current should be 170 m/A. To reduce the feed 
current, move the earth tap further from the grid and filament 
taps. To increase the feed current move the earth tap nearer to 
the grid and filament ta])s. Greater efficiency and greater aerial 
amps without increase of feed current may be obtained by moving 
the grid tap a turn nearer the filament tap. If too close, the set 
will not oscillate. 

Other wavelengths may be obtained, using the aerial switch to 
obtain the correct taps for the wavelengths and the earth tap to 
give correct power input. The instrument readings may differ 
for different wavelengths approximately as under : 

2,000 metres .. 140 m/A. 8 A.A. 

2,800 metres .. 200 m/A. 8 A.A. 

When the transmitter is required to be used on short 
wavelengths, a small aerial with a capacity of approximately 
.0005 mfd. should be used. A scries condenser may be connected 
in a large aerial, but the aerial current will be low. 

The part of the inductance not in use should be disconnected 
by means of the links provided. 

When making adjustments to inductance taps, test on low 
power first. A valve run at a greater voltage than stated will 
have a short life. If run too dim it will go soft. 

A valve that shows blue when the key is pressed is soft. If 
the blueing persists the valve must be replaced. 

A hot anode on any valve will cause it to go soft. Find the 
cause of it. Verify filament voltage. 

A red-hot anode on the oscillator valve indicates too great a 
feed current, or that the transmitter is not oscillating properly. 
Perhaps a loose connection in the aerial circuit or shorted turns 
on the inductance, or the aerial insulation is bad. 

If the rectifier anode overheats and the filament is the correct 
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brightness, then overheating is generally due to too great a feed 
current. 

Missing dots, or the set is slow to respond to keying indicates 
a loose connection in the power or aerial circuits ; the aerial 
insulation may be bad, or the grid tap may be too near to the 
filament tap. Increase the filament tap by one turn. 

Sparking internally or across the smoothing condenser may be 
due to a disconnected lead to the inductance, or in the anode 
circuit of the oscillator valve ; or to a break in the grid resistance 
or condenser circuit. 

SIEMENS VALVE TRANSMHTERS 

The valve transmitters described below are among those 
manufactured by Messrs. Siemens Brothers : 

The kw« C.W. Transmitter, Type SB31 

This transmitter is illustrated in fig. 397, and was originally 
designed as an auxiliary (long wave) transmitter; and as it was 
generally employed with the IJ kw. size of spark station will 
sometimes be found referred to as a “ kw. transmitter.” 

For marine service its use will be limited in future owing to 
the cessation of installation of “ spark ” size of stations having a 
primary power greater than 300 watts. 

The corresponding size of transmitter to the 1J kw. spark set is 
the SB112B, which operates on the same principles as the SB92AB. 

It can readily be converted into a C.VV. and I.C.W. transmitter 
by arranging to cut out the smoothing condenser (Cs on fig. 398, 
which shows a schematic diagram of the circuits) for I.C.W. and 
as such is approved by the General Post Office for instructional 
purposes. It has an over-all size of 2ft. 10 ins. X 1ft. Tins. X 3ft. 
high approximately. The aerial inductances are mounted on the 
top of the panel, with a plug board carrying the various wave¬ 
length and anode taps. Fine adjustment of the wavelength is 
effected by a variometer on the right of the aerial inductariee, 
and oscillation is controlled by the reaction coupling on the left. 

The wave range of the instrument is from 1,875 to 3,000 metres, 
thus covering all commercial wavelengths employed on this band. 

Exact tuning is ensured by coupling an ammeter or lamp to 
the aerial and employing it as resonance indicator. 

The three valves (one transmitting and two rectifying valves) 
are mounted inside the frame, and a voltmeter placed below 
them indicates the filament pressure applied to the rectifiers. 
The grid leak and feed condensers are fixed to the back of the 
centre ebonite panel. 

The valves and high-tension circuits are screened by gauze 
covers over the front and sides of the frame. 

On the lower ebonite panel arc mounted a voltmeter showing 
the voltage applied to the. transmitting valve, a milliammeter 
showing the feed current, the compensating choke, and a trans¬ 
former ratio switch. By means of this choke and switch the 
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working voltage of tJic valves can be accurately adjusted should 
the generator pressure fall below its normal value of 220 volts. 

The filament transformer, smoothing condenser and air eore 
choke are mounted on the base of the panel. 

This transmitter is fed from the same motor generator that 
supplies power to the spark transmitter. Two transformers 
are employed to step up the pressure from 220 volts as generated 
to the 20,000 volts (10,000 volts eaeh side of earth) reejuired for 
working the transmitter. 
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Fig, 398. Siemens Longwave C.W. Transmitter, Type SB31. Connection Diagram. 
(a) Conijteiisjiting Choke Contacts. (i>) Uritl Contacts. 


C.W./LC.W./Emergency Transmitter^ Type S.B.172 

The transmitter S.B.172 (fig. 399) re])laccs the old “ |-kw. size ” 
of quenched spark transmitter. Its overall dimensions are 
2ft. lins. X 1ft. 4ins. x 2ft. Tins, high, and it comprises a valve 
transmitter capable of sup])lying 200 watts to the aerial, a full- 
wave rectifier and a separate I.C.W. emergency transmitter. 
The circuit arrangements arc shown in fig. 400, and it is seen that 
the high tension for the transmitting valve, an Ediswan E.S.204X, 
is supplied by the full-wave rectifier which employs two Ediswan 
ESU.204 valves. The emergency transmitter uses two Milliard 
TZ05/20 valves, whose filament and high-tension supplies are 
derived from a separate 24-volt battery. Both transmitters 
employ the same A.T.T. but whereas the main transmitter can 
operate on 600, 705 and 800 metres, the emergency transmitter 
can only do so on 600 metres ; the appropriate wavelength being 
selected by a switch in all cases. The photograph of the trans¬ 
mitter shows that it is normally completely enclosed between 
metal screens. The top front panel carries the reaction and 
variometer controls and the wavelength switch. The lower front 
panel has mounted on it: 

1. Three meters which read, respectively, the filament 
volts of the main and emergency transmitting valves, the 
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rectifier filament volts, and the anode current of the main 
and emergency valves. 

2 Two switch controls, one for putting the main or the 
emergency transmitter into operation and the other to give 
C.W. or I.C.W. when the former transmitter is in use. 

3. Four rheostat controls, enabling, respectively, the 
variation of voltage on the filaments of the main transmitter 
valve, the emergency transmitter valves and the rectifier 
valves, and the variation of the compensating voltage on the 
filaments of the rectifier valves. 

I.C.W. Transmitter, Type S.B. 192 

The transmitter S.B.192 (fig. 401) is fitted when a separate 
cincrgeney transmitter is provided and C.W. is not required. The 
circuit arrangements for this transmitter are similar to those for 
the S.R.172 when the rectifiers are removed so that the high- 
tension supply to the transmitter valve becomes raw A.C. In 
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the case of the S.B.192, the valve employed is a Mallard T9 A and 
the frequency of the high-tension suiJ]:)ly voltage is 500 cycles/scc. 

LC.W. Station, Type S.B. 302 

This is a complete equipment, minus the power supplies, of an 
I.C.W. station (fig. 402), corresponding in power to the old J-kw. 
spark station. 
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The circuit arrangements are shown in fig. 403, where it is 
seen that two Mullard DO/40A valves are employed as trans¬ 
mitters, their high-tension supply being raw A.C. derived from a 
500 cycles/sec. machine. Provision for transmitting on 600, 705 
and 800 metres is made by means of a switch. The transmitter 
is contained in the upper portion (fig. 402) and the front panel 
has mounted on it variometer and reaction controls, wave range 
and send-receive switches, anode current and aerial current meters. 
Below the transmitter is mounted the switchboard which controls 
the power supplies to the transmitter, and below this is fitted the 
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receiver. This receiver is very similar to the S.B.173 which 
described on page 157. 



I''ia. 402. Siemens I.C.W. Station Equipment, Type S.B. 302. 
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C.W./LC.W, Station, Type S.B.202 

The station type S.B.202 is of the same power as the S.B.302, 
but the high-tension supply instead of being raw A.C. is rectified 
by means of metal rectifiers. The photograph, fig. 404, shows that 
the general construction is very similar to that of the S.B.302. 
The rectifiers are accommodated behind the switchboard and the 
receiver. Actually, the station also makes provision for telephony, 
the additional master-oscillator valve is behind the main trans¬ 
mitter valves, and the tuning condensers are mounted on the 
same spindles as the reaction and variometer controls for the 
main transmitter. The circuit arrangements for telephony are 
the same as those described in connection with the S.B.322A. 



C.W./LC.W./R.T. Station, Type S.B. 402 

This station has a similar receiver and switchboard to tlie S.B. 202, 
but it has a transmitter of somewhat different design which gives 
a larger aerial output. The wave-range is continuous from 100 to 
200 metres and four distinct wave-lengths are ]3rovided in the band 
600 to 800 metres. On all wave-lengths, C.W., I.C.W. and telephony 
are available. The circuit diagram of the station given in fig. 406 
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Fig. 104. Siemens C.W./I.C.W. Station Equipment, Typo S.B.202. 

shows that a pentode power amplifier having plate dissipation 
of 100 watts is driven from a valve mastcr-oseillator. For telephony, 
the modulating signal is supplied to the suppressor grid of the 
power amplifier via a two stage audio frequency amplifier. The 
first stage of this amplifier is converted into a 1,000 cycle/see. 
oscillator when I.C.W. is required. Fig. 405 shows a photograph 
of the station. 
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CHAPTER XXIII 


WAVEMETER AND TRANSMITTER ADJUSTMENT 


MARINE WAVEMETERS 


Old Types 

As a few ships still possess old types of wavemeters manu¬ 
factured by the Marconi Company under the type titles of MGlB, 
C, D and E, a description of these is given below. 

The ranges of these instruments are : 

MGlB 300/3,000 metres. 

MGlC 600/6,000 metres. 

MGlD 5,000/30,000 metres. 

MGlE 10/100 metres. 


A typical wavemeter of this 
group, an MGlC, is shown in 
fig. 407. 

Wavemeter, Type MGlC 

The instrument is contained 
in a teak box with a removable 
lid into which is fitted a pick-up 
coil. 

As it is only necessary to have 
the pick-up coil near the trans¬ 
mitter, the lid is detached for 
this purpose and the wavemeter 
proper is placed some distance 
away, the pick-up coil being con¬ 
nected to it by the pair of flexible 
leads provided. In this way 
direct pick-up by the main wave¬ 
meter coils is avoided, and 
errors therefore do not arise from 
this cause. 

The wavemeter itself is of the 
variometer type, see p. 85, the 
rotor and stator formers being 
made of mahogany and so con¬ 
structed [as to reduce warping 
troubles^to a minimum. The 
windings are prevented from 
any movement by a stiff coating 
of varnish. 



Fid 107. Marconi Marine Wavemeter, 
Type MGlC. 


406 
























FOR WIRELESS TELEGRAPHISTS 

The variometer is screened by a copper lining in the box. 

The wave-range of the instrument is obtained by series or 
paralleling fixed condensers with the windings of the rotor and 
stator of the variometer. 

Edition D has two fixed condensers, and editions B and C 
have three condensers. These condensers are selected by a 
small stud switch, while the overlapping of the ranges is 
obtained by a switch marked “series parallel” which connects 
the variometer in series or parallel with the condenser selected 
by range switch. 

The wavemeter can be excited by means of a high note buzzer 
situated on the panel top, and operated by two dry cells which 
are mounted in the box. 

As a receiver, a choice of arrangements is possible : 

(a) A carborundum crystal is provided as a detector and 
can be used with telephones to check spark note, tonic train 
note or speech quality from a transmitter, or to measure the 
wavelength in the usual way. 

(b) A sensitive galvanometer is provided for use with the 
above detector, mounted in the front of the box and well 
protected from accidental damage. This can be switched 
into circuit by pressing a push button, and the latter can 
be rotated to leave the galvanometer permanently in 
circuit. 

This method of using the wavemeter is perhaps the most 
convenient, but care must be taken, if wavelength measure¬ 
ments are to be made, that the crystal is functioning properly, 
otherwise false readings will be obtained. 

The timing should he very sharp and well within 0.5° on 
the scale. If the tuning is flat, the crystal is most probably 
out of adjustment. 

(c) A neon tube detector of small capacity is supplied 
connected across the variometer. Where the oscillation the 
wavelength of which is to be measured is fairly powerful, or 
where a close coupling can be obtained to the wavemeter 
pick-up coil, the neon tube provides a very rapid method of 
making the measurement. Also, over-coupling to the 
transmitter will not damage the neon tube. 

Modern Types of Wavemeters 

Apart from these wavemeters, modern instruments known as 
types 717, 718 and 595 are in use. The type 717 covers the 
medium and long wave bands, the type 718 is designed for use 
on trawler installations and the type 595 enables short wave 
marine transmitters to be accurately tuned. Descriptions of 
these follow. 

Extinction Wavemeter Type 717 

The portable precision wavemeter recently developed by 
Marconi’s Wireless Telegraj^h Co. for use on the medium and 
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long wave bands is known as type 717. A similar instrument 
described hereafter has a type number 718 and is specially 
designed for use in trawlers. 

Fundamentally, the instrument is a simple resonance wave- 
meter having an inductance, a variable condenser and a neon 
tube. The circuit can be completely changed from long wave to 
medium wave by means of a two-pole switch. There is nothing 
unusual about the instrument from this point of view, except 
that it has a very good pick-up. 

For precision work a quartz crystal of known frequency is 
connected in parallel with the inductance. When the frequency 
of the current in the wavemeter exactly agrees with the frequency 
of the crystal a sudden reduction takes place in the impedance of 
the crystal so that the circuit of the wavemeter is very heavily 
damped and the neon tube is extinguished. The band of 
frequencies over which this can occur is very narrow and the 
frequency of the transmitter can be identified with that of the 
crystal to about one part in ten thousand. 

When using it as a precision instrument, it is essential that it 
should stand or lie in a suitable place. It must not be held in 
the hand or touched while being used with its crystals. 

The wavemeter is contained in a canvas covered box having a 
strap handle. The lid is removable and contains the calibration 
charts of the instrument. 

The following controls and components are mounted on the 
panel of the instrument: 

Condenser dial. 

Range switch (long—medium), 

Crystal switch (long—off—medium). 

Neon tube, 

Crystal holders (medium and long). 

When the crystal switch is set to “off,” the instrument acts as 
a simple resonance wavemeter, and can be used as such in any 
convenient manner. Calibration charts are provided, both for 
long and medium waves. 

When the crystal switch is set to “ long ” or “ medium,” the 
wavemeter becomes a precision instrument. The set of crystals 
concerned is switched in parallel with the inductance, as is also a 
steadying resistance. There are seven crystals in the medium 
wave set and five in the long wave set. All the crystals in each 
set are in parallel and work quite independently of one another, 
but the long wave crystals are kept separate from the medium 
wave crystals. The primary object of the resistance is to flatten 
out the tuning of the wavemeter when used in conjunction with 
the crystals. It is also of advantage in steadying the action of 
the crystals thepiselves. 
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Extinction Wavemeter, Type 718 

This wavemeter is designed for use in tuning trawler installations 
and Fig. 408 gives the arrangement of the controls, etc. 

Details of the circuit employed are given in Fig. 409. 

As in the case of the type 717 wavemeter, this instrument can 
be regarded as a dual purpose unit, as it may be used as a simple 
resonance wavemeter or as an extinction wavemeter. When used 
as a resonance wavemeter the resistance switch is placed in the 
‘‘ out ” position, and the crystals are not to be inserted in the 

crystal holder. When 
used as an extinction 
wavemeter, the resistance 
switch is placed in the 
“ on ” position and a 
crystal of the required 
frequency is placed in the 
crystal holder. 

Before using the wave¬ 
meter, the lid should be 
removed and the crystal 
rack withdrawn from the 
instrument. The lid con¬ 
tains details of calibra¬ 
tion. The calibration 
curve has been prepared 
with the resistance dis¬ 
connected. When used 
as an extinction wave¬ 
meter, the best condenser 
setting is shown by the 
dotted line on the calib¬ 
ration curve. 

The most convenient 
way to use the wave¬ 
meter is to put it on its 
side or stand it up on 
top of the transmitter. 
If it is used lying on its 
side, something must be 
placed under it so as to 
lift it about two inches 
clear of the top of the transmitter, as otherwise the calibration of 
the wavemeter will be seriously affected. 

The medium or trawler wavebands are selected by the switch 
on the face of the instrument. As the two windings are at right 
angles to one another, it is probable that the instrument may 
have to be placed in different positions when using the medium 
or trawler wavebands. 

When tuning, initial rough adjustments may be obtained by 
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using the instrument as a resonance wavemeter. When finding 
the exact adjustments, use the crystals as follows. 

Set the condenser by the calibration curve (and if necessary by 


the dotted line) and lind 
a position for the wave- 
meter in which a small 
glow is obtained at re¬ 
sonance. Then insert the 
crystal in its clip and 
alter the transmitter fre¬ 
quency very slowly until 
the extinction point is 
found. The frequency of 
the transmitter will then 
be the same as that 
marked on the crystal 
holder. 

The crystals can only 
stand a limited voltage. 
Therefore care must be 
taken to see that before a 
crystal is inserted only a 
small glow is obtained 
from the neon lamp when 
adjusted for resonance. 

Each crystal holder is 
engraved with its fre¬ 
quency, and a complete 
set of crystals comprises 
the following :— 

Medium Wave : 


Traxvler Wave : 



1m(j. Typo 71*^ Wavoinotor. of 

('oiuuM’tioiis. 


500 kc/s. 

witliin 

± 

11'/ 

2 fO 

480 ,, 


,» 

1 0/ 

2 /O 

425 „ 


, j 

i% 

;575 „ 



1 O/ 

2/0 

1,008 „ 

* , 


2j kc/ 

1,025 „ 


,, 

2 J ,, 

1,050 „ 


,» 


2,012 „ 


,, 


2,114 „ 


,, 

2J. 

2,105 „ 


,, 

*>l 

“2 >» 

2,225 „ 


>> 

21 „ 


Short Wave Crystal Monitor, Type 595 

The purpose of this instrument is to enable a short wave marine 
transmitter to be adjusted to great accuracy at any frequency 
within the bands of wavelengths which ships arc permitted to 
use. The transmitters are accurately calibrated on installation 
and the monitor enables them to be readjusted to this calibration 
at any moment. The frequencies obtained from the monitor are 
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very close to the cnlling waves in each of the short wave bands, 
the niaximuin erroi* bein^ 0.05%. 

The callin^T frequencies are 4,140 kc/s., 5,520 kc/s., 6,210 kc/s., 
8,280 kc/s., 11,040 kc/s., 12,420 kc/s., 16,560 kc/s. 

In this monitor, which is shown with its front open in fig. 410, 
a nominal 345 kc/s. crystal is used as a fundamental oscillator of 
high stability. The output of this oscillator is loosely coupled to 
a circuit which may be tuned either to its sixth harmonic 
(2,070 kc/s.) or its eighth harmonic (2,760 kc/s.). 
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The energy in this tuned circuit is amplified via a pentode and 
then supplied to the grid of a detector valve in the anode of which 
low resistance telephones are placed. The circuits of the second 
valve are arranged so as to generate oscillations as free from 
harmonics as possible, the circuits of the first and third valves 
generating harmonics freely. Thus, the third circuit is in fact 
producing the low harmonics of the second circuit and not the 
nigh harmonics of the first circuit. The grid of this detector 
valve is also coupled to an aerial terminal by which the input 
from a transmitter may be taken direct to the grid of the detector 
valve. Fig. 411 illustrates the circuit. 



The tuned circuits provide a complete series of strong local 
oscillations at the grid of the third valve. This series consists of 
low harmonics of either 2,070 kc/s. or 2,7G0 kc/s., according to 
the switch position on the instrument. 

When the switch S2 (marked “ wave range switch ” in fig. 412) 
is in the lower position, each tuned circuit has across it a single 
tuning condenser, the condensers concerned being marked C2 and 
C3 in fig. 411. 

When the switch is in the up})er position an additional con¬ 
denser C4 is connected in parallel to C2 and, similarly, C5 is 
joined in parallel with C3. The tuning of all three circuits is 
accurately set during manufacture, small tuning condensers being 
used for the purpose. 

The accuracy of tuning is very important as, if any one of the 
circuits is wrongly tuned, not only will the wanted signals be 
weakened but the unwanted high harmonics of the crystal may 
be introduced. 
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The tunin^^ of these eireiiits is broad enough to permit of a 
crystal being changed without readjustment of the trimmer 
condensers. 

With the switch in the lower position the eighth harmonic of 
the crystal (i.e,, 2,760 kc/s.) is accepted and amplified. Thus, its 
lower harmonics being strongly developed, three frequencies are 
available simultaneously, namely 5,520, 11,040, 165,660 kc/s. 
which are the second, fourth and sixth harmonics respectively of 
the 2,760 kc/s. frequency. 

When the switch is in the upper position, the sixth harmonic 



P’lo. 112. Crystal INIoiiitor, Type* 500, front closed. 

of the crystal (i.e., 2,070 kc/s.) is accepted and anqilified and four 
other frequencies arc available simultaneously, namely 4,140, 
6 ,210, 8,280 and 12,420 kc/s., these being the second, third, 
fourth and sixth harmonics of 2,070 kc/s. 

The last stage of the monitor circuit acts as a receiver and the 
beat note produced by the short wave transmitter with the 
monitor can be heard in the monitor telephones. 

Installation 

The monitor can be secured in any convenient place but must 
be in such a position that its greatest length is upright. 
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The monitor aerial should be approximately 6 ft. long, its exact 
length being fixed by trial. Either 2 or 6 volts are required for 
the L.T. supply. In the event of 6 volts being used, it will be 
necessary to remove the link shown across the resistance R3/R4 
in fig. 411. In the case of a 2 volt supply the link must be in 
circuit. An H.T. supply of 120 volts can be regarded as normal. 
All three valves are pentodes type Z21. 

Having mounted the monitor it should be tested by means of 
the short wave transmitter, which can be worked for this purpose 
without the aerial. When testing the monitor a resistance of 
about 100 ohms should be connected across the aerial and earth 
terminals of the transmitter so as to put a reasonable load on 
the valve. 

With respect to the monitor itself, it is only necessary to make 
sure that the system is oscillating. The control of oscillation of 
the crystal is adjusted by condenser Cl. 

Having ascertained that the monitor is working satisfactorily 
the aerial of the monitor should be adjusted to give signals of 
convenient strength from the short wave transmitter. 

The available frequencies are definite multiples of the actual 
crystal frequencies and, if the crystal were exactly 345 kc/s., the 
monitor frequencies would coincide exactly with the calling waves. 
The frequencies available are, in fact, 12, 16, 18, 24, 82, 36 and 
48 times the actual crystal frequency. 

Calibrating and Installation 

With a transmitter and its monitor set up, it must be calibrated 
by the following methods. Each depot is supplied with a pair of 
tuning crystals having a nominal frequency of 346.5 and 343.5 kc/s. 
Their exact frequencies are engraved on the holders and, 
additionally, each bears a red or blue dot as a ready means of 
identification and reference. These two, together with the 
monitor crystal, enable a three-point calibration chart to be 
drawn for each range of waves to which the transmitter can 
be tuned. 

Using an artificial aerial of 100 ohms the transmitter should be 
run for about ten minutes. The use of correct filament voltage 
is very important. 

After the initial period of warming, adjust the transmitter to 
the best reading on the aerial ammeter in each waveband. With 
the majority of transmitters the coupling will be at maximum 
and the reaction at maximum but, in some of the older designs, 
different reaction may be wanted for different wavebands, although 
the reaction should be the same throughout the whole of one 
band. The aerial must be connected during the process. 

With the monitor crystal in position observe the transmitter 
adjustments for the zero beat note in each of the available 
frequency bands. The artificial aerial may be used for this, 
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thoii^^h it is sometimes necessary to use the proper aerial on 
18 metres in order to j^et good signals. 

Exchange the monitor crystal for one of the tuning crystals, 
^uch as the one marked “ Red ” spot, taking care not to disturb 
any of the monitor adjustments and obtain and record the series 
of adjustments for zero beat note, being very careful to see that 
all the transmitter conditions (except the condenser setting) are 
as previously. 

Replace the crystal by the second (“ Blue ” spot) crystal and 
obtain and record the new series of adjustments for zero beat note. 

Upon completion, the monitor crystal should be replaced in 
the monitor and the adjustments for zero beat notes made and 
recorded. 

Finally, the exact frequencies obtained from each of the three 
crystals should be worked out and the tuning positions plotted 
on squared paper. If the observations have been carried out 
correctly the calibration charts will be practically straight lines. 
These lines must be extended to cover the whole of each of the 
bands. It is essential that the position for the monitor crystal 
zero beat should be clearly shown. 

The adjustments of the reaction and coupling settings used 
during calibration should also be recorded on the calibration sheets. 

For convenience, the following quotation is made from the 
Cairo Regulations. It concerns ail ships with ordinary short 
wave telegraph transmitters :— 


Approx. 

Ship’s Waveband 

Calling Frequency 

Metres. 

Kc/s. 

Kc/s. 

18 

16,460-16,660 

16,560 

24 

12,340-12,500 

12,120 

27 

11,000-11,100 

11,010 

36 

8,230- 8,330 

8,280 

48 

6,200- 6,250 

6,210 

54 

5,500- 5,550 

5,520 

72 

4,115- 4,165 

4,140 


ADJUSTING AND OPERATING C.W. TRANSMITTERS 

In general, it may be said, that with slight modifications the 
adjustment of one type of marine C.W. valve set will apply to all 
others. 

Illustrations of how they may differ in detail, and instructions 
for operating are provided in the examples quoted below. 

On all C.W. sets two important adjustments have to be made. 
One is the position of the anode tap, and the other is the position 
of the reaction coil. The correct positions of these are ordinarily 
found at the works and should need very little, if any, adjust¬ 
ment when the set is finally installed on the ship. Most of the 
C.W. sets supplied nowadays are fitted with a power regulator 
in order to obtain transmission on any reduced power required. 

A simple wavemeter of the lamp indicating type provides the 
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best method of telling if the set is functioning correctly, as this 
will afford an indication both of wavelength and power. 

When operating a C.W. set it is very important that the 
filaments of all valves should be up to their proper brilliancy, as 
a dull filament causes it to work in a very inefficient manner. The 
working life of valves mounted on board ship should not be less 
than six months on the average, though, of course, this figure 
must depend upon the number of hours during which the valves 
are actually in use. 

MC6 Set 

Make all connections as shown in the diagram of connections. 
Before starting up the alternators, the A.C. switch and exciter 
field switch should be broken and the filament choke should be 
in the “ all in ” position. 

When the machine is running at its proper speed make the 
exciter field switch and raise the exciter field volts by means of 
the regulator handle on the control board marked “ exciter field.” 
With all the resistance out and the machine running at normal 
speed, the exciter volts will be approximately 20 to 21 volts. 
The S/R switch, and keying relay will work satisfactorily on 
any voltage above 14 volts. After seeing that the two relays 
work properly, make the A.C. switch, and by means of the 
alternator field regulator adjust the A.C. volts to about 300 volts. 
On making the filament switch on the set, the valves should 
light up, and can be brought up to their proper brilliancy by 
adjusting the filament choke until both voltmeters read 25 volts. 
After making both the A.C. safety gate and A.C. switches on the 
set, this should now be ready for transmission, but before pressing 
the key, care should be taken that the auto-transformer switch 
is on the first stop, this corresponding to minimum power. On 
pressing the key the filament volts may be found to alter, but a 
steady filament voltage can be obtained by suitable adjustment 
of the compensating choke. The tappings on the A.T.I. may 
have to be adjusted to suit the aerial that is being used. At 
present they are adjusted so that by moving the variometer to 
180° the wave-range required is covered on a standard aerial. 

The D.C. milliammeter should not read more than 180 ma. 
on full power, and it is necessary to maintain the filament voltage 
at 25 volts. The power input to the set can be adjusted by means 
of the auto-transformer. 

When using I.C.W. it is better to keep the D.C. feed high and 
H.T. volts low to prevent any sparking taking place in the set. 
This may be done by lowering the anode tap slightly. 

The connections to the set must be jointed up exactly as shown 
on the diagram, and special care must be taken not to reverse 
the connections to the terminals marked “ A.C.” and “ trans¬ 
mit.” Before touching any part of the set after using power, 
always short the smoothing condenser with the push switch 
provided for the purpose. 
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MC13 Set 

The transmitter adjustment is carried out as follows : 

Make sure that the relay contacts close in the proper order 
and that the aerial is clear outside the W/T office and joined 
up correctly, see that the D C. supply to the set is switched off 
and place the valves in their holders. Switch on the D.C. and 
filaments and run up the main machine until the filament volt¬ 
meter reads 13. Set the power regulator to “Min.,’’ switch on 
the power, and press the key. As soon as the transmitter can 
be made to oscillate, set the wave to 750 metres or thereabouts, 
and adjust the filament compensator roughly. Then get a fine 
adjustment of reaction for each of the three spot waves (600— 
705—800), fix the spring catches and mark these positions clearly. 
Select the best adjustment for the filament compensator. 

When properly adjusted, provided the D.C. volts remain 
constant, the A.C. main volts on load should drop about 12 per 
cent., the feed should be about 100 ma., and the aerial amps, 
about 10. The filament volts should vary not more than J volt 
when working at full power, the alteration, if any, being an 
increase of filament volts when the key is pressed. 

Type 381 Transmitter 

Tuning this transmitter is accomplished as follows :. 

There are three taps which control the oscillatory condition of 
the circuit, i.e. anode, filament, and earth taps. Tuning is 
controlled by two aerial taps. The earth tap should be approxi¬ 
mately three turns from the left-hand end of the inductance, the 
filament tap approximately four turns to the right of the earth 
tap, and the anode tap approximately 33 turns to the right of 
the rotor spindle. These positions will serve for preliminary test. 

The aerial taps should now be moved until the full swing of the 
variometer covers from, say, 580 metres to 720 metres for one 
aerial tap, and 700 metres to 820 metres for the other. 

When the aerial tap positions are fixed, the most efficient 
oscillatory conditions may be attained by movement of filament 
and anode taps only. Alteration of the earth tap will interfere 
with the tuning adjustments made earlier, whilst change in anode 
tap will do likewise but to a much lesser degree. 

Care must be taken so that these adjustments are true for the 
complete swing of the rotor throughout the complete range. 
The movement of the rotor should cause a minimum change in the 
feed current, which change should not exceed 25 ma. The 
maximum feed current permissible is 80 milliamps. 

The aerial current values should be in the order to 6.5 amps, 
for 600 metres and 6 amps, for 800 metres. 

The adjustment of reaction and anode tap are interdependent, 
and when tuning the reaction should be kept at a minimum 
compatible with the satisfactory covering of the entire wave-range 
of 600-800 metres, while the anode tap is exploited for best 
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results. These adjustments should be made* to keep the change 
of feed with the change of wavelength by variometer at a minimum. 

No difficulty should be experienced in carrying out tuning 
operations. After the valves have been inserted and connected 
up, the machine should be run up with excitation sufficient to 
give the rectifier filament voltmeter a reading of 9 volts. The 
oscillator filament volts should be regulated to 12.5 by means of 
the rheostat. 

Type 386 Transmitter 

After wiring up the transmitter, and prior to inserting the 
valves, the machine should be run up on low excitation to see 
that no short circuits have developed. The machine should then 
be shut down and the valves inserted, their filaments connected 
but the grid and anode left disconnected. 

The machine should then be run up again and the valves should 
light, after which the excitation of the machine should be adjusted 
to give the correct filament volts on the rectifiers. 

The voltages of the valves are read by two instruments. 

The filament voltage of the M.T.6B valve is 15.5 and a current 
of 10 amperes. 

The rectifier valves have their filaments in parallel, having a 
filament voltage of 12.5 and a total load on the filament trans¬ 
former of 13 amperes. 

A filament resistance in scries with the primary of the oscillator 
filament transformer, will enable the voltage on the oscillator 
filament to be adjusted accurately to suit the voltage of the 
rectifiers. 

The machine should again be closed down, the anodes of the 
rectifiers connected, and the anode and grid of the oscillator valve 
connected. 

The filament compensating choke compensates the filament 
transformer circuits when a load is placed on the high tension 
transformer, thus keeping the valve filaments at a steady 
brilliancy. Compensation is adjusted by means of the movable 
core in the choke. 

The aerial connections from the wavelength switch should be 
connected to an approximately correct position for the 600-700- 
and 700-800-metre band. As a rough guide these positions will 
be approximately at 15 (Section 2) and 25 (Section 2) turns from 
the earthy end of the A.T.l. The earth connection will be at 
approximately one, and the filament connection about four or 
five turns from the earthy end. 

The machine should be run up once again with normal 
excitation, and with the power regulator in a position of low 
power the key should be depressed momentarily, and if the 
aerial ammeter shows current the key may be held down 
sufficiently long to take a wavelength reading. 

Preliminary adjustments to the wavelength are carried out by 
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varying the relative aerial taps, the final adjustments being 
effected by the variometer. 

It should be noted that for the greatest efficiency the reaction 
tap should be as near to the earthy end of the A.T.l as possible, 
usually five or six turns from the earthy end. The anode tap 
position will be approximately 20 to 25 turns from the earth end. 
The feed should be approximately 120 ma. and should not in any 
case exceed 150 ma. An aerial amperage of about 15 may be 
anticipated. 

Tuning having been completed, a record of all adjustments and 
meter readings must be made. 

Adjustments to the wavelength are carried out by means of a 
switch and variometer. When the switch which is mounted on 
the top right-hand side of the A.T.l container panel is to the 
right, any wave approximately 700 and 800 metres can be obtained 
by using the variometer handle, which is on the top left-hand side 
of the A.T.l container panel. With the wavelength switch to the 
left, any wave from approximately 600 to 700 metres can be 
obtained by means of the variometer switch. 

The two wave-ranges must, of course, be made to overlap. 

A scale against the variometer switch handle will enable a 
record to be taken of the variometer position for different 
wavelengths. 


Type 387/8/9 Transmitter 

Instructions for tuning this transmitter have been given in the 
Chapter on Valve Transmitters. It may be as well here, however, 
to give some notes on the operation of the transmitter. 

The operating })ersonnel should become familiar with the 
adjustments necessary for changing over from one transmitter 
panel to the other and vice versa. 

The change-over switch in the type 387 panel transfers the 
filament lighting supply from the MT.6B valve to the MT.14 valve 
when changing from long to short wave. As the loading of these 
valve filaments differs it is necessary to make an adjustment of 
the volts across the primary of the filament transformer in order 
to meet the changing load, while keeping the volts across the 
rectifier filament transformer constant. In order to do this, a 
variable resistance is placed in series with the oseillator filament 
transformer primary. It is advisable that the two positions of 
the slider on this variable resistance be noted so that a quick 
change can be made. 

The following order should be followed when changing from 
medium and long wave to short wave. 

1. Run up machine, set excitation of A.C. field so 
that rectifier filament voltmeter reads 12.5 volts, with 
the compensator core withdrawn about half of its full 
travel. 
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2. Adjust filament resistance (the central resistance is 
situated in the base of the type 387 rectifier to the right-hand 
side of the rectifier valves) until the oscillator filament 
voltmeter reads 15.5 volts for the MT.6B in the type 388 unit. 
The position of the resistance slider should be so that about 
one-third of the resistance is in circuit. 

3. To change back from short wave to medium wave, 
reverse the above order of adjustments, starting with a slight 
reduction of the alternator output volts. 

The order of change can be acquired quickly, and after a little 
practice the complete operation should not occupy more than 
fifteen seconds. 

It should be noted that when changing to short waves 
the transformer switch must be placed in the 10,000 volts 
position. 

Type 398 Transmitter 

The operation of the set will be found to be perfectly straight¬ 
forward. 

It is possible to over-couple the aerial to the transmitter, and 
so stop the valve oscillating, and it is wise therefore to under- 
eouple the aerial rather than to over-couple it. 

The feed to the anode of the oscillator A'alve should not be 
allowed to exceed 120 milliamps, under which condition, when the 
valve is oscillating efficiently, the anode of the valve will glow a 
dull red. Since the anode of the valve is constructed of 
molybdenum, this dull red temperature will not affect the valve 
in any way. The anode of the valve must not, however, be 
allowed to approach a very bright red light. 

When working the type 398 short wave transmitter in 
conjunction with the rectifying system of the medium wave 
transmitter type 381, the change-over from medium to short wave 
is effected as under, and initially reference should be made to 
fig. 443 in this connection. 

Change aerial switch from “ main ” (or emergency) to “ short 
wave ” position. 

Place the change-over switch to “ short wave ” position. 

Switch over control switch on right-hand bottom side of type 398 
transmitter to “ short wave ” position. 

See that master’s control switch (if fitted) is closed. 

When mains switch is closed the machine can be started up. 

The wavemeter should be used for selecting the correct wave¬ 
length only. As soon as this correct wavelength has been obtained 
the wavemeter must be detuned, both to avoid loss of energy due 
to absorption by the wavemeter circuit, and also to prevent 
damage to the neon tube through being energized during morse 
transmission. 

Type 533/4 Transmitter 

The control of the oscillatory circuit in this transmitter is 

420 



FOR WIRELESS TELEGRAPHISTS 

similar to that of other transmitters employing the same circuit. 
It should be noted, however, that whereas in some types of 
transmitters it has been customary to use a section of the 
inductance below the variometer for reaction purposes, in this 
instance the variometer has been placed in the centre of that 
portion of the inductance which is to form the necessary reaction 
component. The purpose of this change has already been outlined, 
and permits the aerial power to remain reasonably constant over 
the whole waveband of the transmitter. 

The wave-range of 600-800 metres is provided in two ranges, a 
switch being fitted for this purpose. Range 1 covers 585 to 710 
metres, and Range 2 should be tuned to cover 695 to 820 metres 
The maximum feed current permissible is 155 milliamperes. 
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CHAPTER XXIV 


THEORY OF VALVE RECEIVER CIRCUITS 


Classification of Marine Receivers 


S HIP receivers may be conveniently divided into two classes : 

1. All round or omni-directional receivers which are con¬ 
cerned mainly with the reception of signals and do 
not give any indication as to the direction from which 
these signals come. 

2. Direction finding receivers. 

The non-directional type generally uses as its aerial either the 
ship’s main transmitting aerial or a subsidiary aerial slung between 
the masts, or from mast to deck, at as great a height as is con¬ 
venient. The direction finding type has its own special aerial 
system, generally consisting of a frame aerial which is sometimes 
associated with some form of vertical aerial. This latter receiver 
is used exclusively for obtaining bearings from land stations, 
and other ships, whilst the non-directional receiver is used only 
for receiving the usual inter-ship and land-to-ship traffic. 

In addition to the two types mentioned above, an increasing 
number of ships are being fitted with an automatic alarm receiver 
which actuates some form of warning device on the reception 
of a distress call. This type of receiver will be fully discussed 
in a later chapter. 

Ships’ receivers—both of the non-directional and directional 
types—are required to carry out certain specific duties and as 
a result of this are designed in a somewhat different fashion to 
the ordinary land receivers. 

In this chapter only non-dircctional receivers will be dealt 
with; examples of these will be given together with a brief 
account of general receiver design, and of the special qualities 
necessary in marine receivers. 


Receiving Circuits Grouped Under Three Heads 

A receiving installation usually provides a number of circuits 
which can be grouped under the following heads : 

1. Aerial system. 

2. Tuner. 

3. Amplifier. 

Of these the first has already been considered in Chapter XVII, 
and we shall confine ourselves here to a general and detailed 
discussion of tuners and amplifiers. 
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Tuner Requirements 

Any tuner consists essentially of a system of inductance coils 
and variable condensers or variometers, and the main function 
that the tuner has to fulfil is to render the amplifier that follows 
it in the receiver assembly sensitive to one particular wavelength 
only. 

The selectivity of a receiver, though not of great moment in 
the early days of radio communication on account of the few 
stations operating, is now of prime importance, and how best to 
meet present-day requirements is one of the most difficult prob¬ 
lems that the receiver designer has to face. 

It has been pointed out in Chapter XVII, that specific wave¬ 
length bands within the range of 18 metres to 2800 metres have 
been allocated to ordinary ship traffic, so that several channels are 
now in use for maritime communication, but the number of ship 
stations working (some employing rather flat tuned transmitters) 
is so great, amounting to more than 10,000 equipped vessels, that 
the problem of reducing interference and lienee of increasing 
receiver selectivity is becoming of great importance. 

Two alternatives present themselves in this connection. Either 
we may use a very efficient tuner with a flatly tuned amplifier, 
or we may use a simpler tuner and increase the selectivity of the 
apparatus overall by introducing sensitive tuned circuits in the 
amplifier. 

The amplifier itself must, of course, contain the rectifier or 
detector, but in addition can include any number of high-frequency 
or low-frequency stages of magnification. 


Definition of High-Frequency and Low-Frequency Amplifiers 

An instrument which merely increases the high-frequency 
signal current without distorting it, so that a rectifying circuit 
is still necessary to give the current that form which is re¬ 
quired to make a telephone respond, is called a “ high-frequency 
amplifier.’’ 

An instrument which receives the rectified current as a series 
of low-frequency pulses and increases their amplitude, preferably 
without distortion, is called a “ low-frequency amplifier,” or “ note 
amplifier ” or “ note magnifier.” 


Methods of Coupling Stages of Amplification 

When two or more stages of high or low frequency magnifi¬ 
cation are employed they are said to be “ coupled ” to one another. 
Various methods exist for coupling high and low frequency 
magnifiers of different circuit types, and these are enumerated 
on the following page : 
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High 

(1) Tuned Grid 

(2) Tuned Anode 

(3) Both circuits tuned 


Trans¬ 

former 


Low. 

(1) Tuned Grid 'j 

(2) Tuned Anode I Note 

(3) Both circuits j Filter 
tuned j 

(4) Transformer coupled 

(5) Choke coupled 

(6) Resistance-capacity 
coupled, also called 
“ aperiodic 

Typical wiring diagrams of H.F. methods of coupling are given 


V/LA A l/kJ VLAAAV^ i AV^AAXAV/X 

and loosely coupled coupled 

(4) Untuned j 

(5) Tuned Anode coupled 

(6) Resistance-capacity 

coupled 


in figs. 413 to 420. 


H.F. Transformer Coupling (1) to (4) 

It will be at once apparent that in either of the arrangements 
mentioned above, the object to be gained is to make the varying 



Fig. 413. (1) II.F. Transformer-Coupled Fig. 411. (2) ILF. Transformer-Coupled 

Tuned-Grid Amplifier. Tuned-Anode Amplifier. 


voltage between the grid and filament of each valve greater 
than for the preceding valve. 

The type of amplifier represented in (4) (fig. 41G), where both 
the primary and secondary circuits arc untuned, is not a very 
efficient one. At one particular frequency, i.e. the natural 
frequency of the anode coil, this coil behaves like a high resistance, 
and the amplification at this frequency will be very good. At 
other frequencies a large drop of amplifieation will oeeur, and 
this drop will be larger the further the frequency is away from 
the optimum. 

The next best solution to the problem is to make the anode 
circuit of high impedance or high effective resistance for any 
frequency. This can be done as in (2) (fig. 414) or (3) (fig. 415), 
by tuning it with a condenser to that frequency. We now have a 
large voltage impressed on the anode coil and have to determine the 
best way to induce a high voltage in the grid circuit. Obviously 
if the effective resistance of the grid coil is low, the voltage which 
will be set up in it by the induced current will be low. We must 
therefore make it as high as possible. In case (4) (fig. 416) 
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it will be high only for one particular frequency; in cases (1) 
(fig. 413) and (3) (fig. 415) we make it high for any frequency by 
tuning it with a condenser. 

Thus simply from the magnification point of view it will be 
seen that with a well designed transformer coupled amplifier we 



Pig. 415, (3) Transformer-Coupled, Both Fig. 41G. (4) II.F. Transformer-Coupled 
Circuits Tuned, Amplifier. Untuned Amplifier. 


may obtain in addition to the magnification of the valve some of 
the magnification of the transformer, and that this product may 
be made high by suitable design. 

UnTortunately another factor presents itself which imposes 
a limitation on the degree of amplification which can be employed. 
A series of efficient high frequency stages of amplification tend 
to become very unstable due to retro-action or end-to-end oscilla¬ 
tion. This may be seen quite simply from the illustration in 



Fig. 117. Unwanted Retro-action between Coupled Stages (A) and (B) caused by 

Coupling Valve (C). 


fig. 417, where the circuits A and B and the valve C under certain 
conditions form a species of self-oscillator which tends to oscillate 
at some particular freijucncy, when it will seriously interfere with 
the received signal. 

In this case the circuits A and B may be coupled together in 
two ways : 

(a) By inductive coupling due to the fact that coils A and B 
are not completely screened from each other ; 

(b) By capacitativc coupling through the capacity existing 
between grid and anode of the valve C, 
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The remedy for (a) is obvious, i.e. to screen coil A from coil B 
completely ; the remedy for (b) is to eliminate the grid-anode 
capacity coupling either by neutrodyne circuits or by using screen 
grid valves as shown on page 304. 

In this connection it will be realized that the more highly 
damped the anode and grid circuits are, and the less critically 
tuned, the less the liability to self-oscillation. It has also been 
pointed out in Chapter XIX that this property of self-oscillation 
is sometimes used to advantage in the detector circuit. 

H.F. Tuned*«Anode Coupling (5) 

The circuit diagram for this form of coupling is shown in 
fig. 418. TheH.T. is fed to the valve through a parallel resonant 
circuit tuned to the frequency of the incoming signal. The 
impedance of this circuit should therefore be infinity for this 


frequency, and no H.F. should 
return to earth via the H.T. 
battery. The actual coupling 
between the anode of the first 
valve and the grid of the second 
is by a condenser whose insula¬ 
tion resistance should be ex¬ 
tremely high to avoid polarizing 
the grid. The grid of the second 
valve is connected to grid nega¬ 
tive or earth by a resistance the 
value of which depends on the 
other constants of the circuit. 

In the case of the tuned-anode 
method of coupling shown in 
fig. 418 the stage gain cannot 
possibly exceed the magnification 
due to the valve, as no magnifi¬ 
cation can be obtained from the 
tuned-anode circuit or condenser 
coupling. In fact, if we assume 
no loss in the coupling circuit, 
i.e. if we assume the whole of the 
voltage between the anode and 
earth of the first valve to be 
applied to the grid of the next 
valve we shall have obtained the 
best possible result from this 
type of coupling. 

If we assume the tuned-anode 
circuit to have a very high value, 
say Ri at a particular fretjuency, 
the circuit of the first valve 



Fio. 418 II.F. Timod-Anode (loiipled 
Amplifier. 



Fig. 410. II.F. Tuned-Annde Coupled 
Am|)lilier with Anode Tap. 


then if ip is the plate current in 


|jio E, 

R. + 
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and assuming no loss in the condenser coupling circuit 


Efli« = 


Po Hi 


It will be seen from this that the maximum value of 


will be obtained, when Rj = oo when E^j/E^i = [Xq, i.e. the maxi¬ 
mum stage gain that can be obtained is equal to the amplifica¬ 


tion factor of the valve. 


Actually the losses in the capacity coupling circuit of a well- 
designed high frequency amplifier are very small, and with a 
good coil and condenser in the tuned-anode, circuit this value 
of /Xo should be approached. 

If the resistance of the tuned circuit can be kept low enough, 
it is possible however to gain more than pto by altering the 
position of the anode tap on the coil (fig. 419), leaving the grid 
tap to the next valve in the same position as before. 


H.F. Resistance-'Capacity Coupling (6) 

The same remarks apply here as w^ere made in the case of the 
tuned-anode coupling, except that the anode resistance must be 
aperiodic and should possess a high resistance to any frequency, 
not merely to one as in the case of the tuned-anode coupling. 

As in the former case the maximum stage gain is (jlq and this 
value is never so nearly ap¬ 
proached in the case of the 
resistance coupled amplifier as 
in the case of the tuned-anode 
coupled amplifier. 

This type of amplifier (fig. 420) 
suffers from the fact that at 
high frecjnencics the reactance 
of the grid filament circuit be¬ 
comes so low as practically to 
short the resistance, and in 
consequence the amplification is 
consideraVdy reduced. 

LoW'*Frequency Amplification 

The amplification of low-frequency currents presents an easier 
problem, as the by-passing effect of the various unavoidable 
capacities is not so marked for audio frequencies as for high 
frequencies. 

L.F. Note Filter Coupling (1) to (3) 

The circuit diagrams and remarks concerning high-frequency 
tuned transformer amplification apply also to the note filter 
type of amplification. The method is of great use where high 
selectivity is required and where this selectivity cannot be easily 
obtained either in the tuner or the ILF. amplifier. 
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The following point should be borne in mind. Whereas two 
freciuencies differing from each other by say 200 in 100 kc. 
have only a difference of .2% when one of these frequencies 
is heterodyned and rectified to say 1,000 -- note, the other 
will give a 1,200 - or 800 ~ note and will be completely stopped 
by the note filter. Thus under certain conditions note filtering 
provides the best method of obtaining great selectivity in 
reception. 

Either the anode or the grid coil of the note filter may be tuned 
to the desired frequency, and in general this frequency is fixed 
and the heterodyne note is adjusted to it. 

L»F. Transformer Coupling (4) 

This is the name given to the class of amplifier in which an 


aperiodic iron-core transformer i 
circuit diagram being given in fig 

Iron is used in the construction 
make the no-load reactance high, 
for it can easily be proved that 
this is an essential condition for 
high magnification. 

L*F« Choke Coupling (5) 

In the case of choke coupled 
amplifiers the connections (fig. 
422) are essentially the same as 
for resistance coupled amplifiers. 
The theory upon which the re¬ 
peating action from valve to 
valve is based is exactly the 
same as for resistance coupling. 
The stage gain is given by 

E^2 _ ho 

"Eji Vll; + Xi 

where is the value of the choke 

at a frequency / • This 

stage gain will increase with 
and will reach a maximum of 
fiQ when Xp = x . Actually iron 
is used in the core of the 
choke to make Xp high for 
any audio frequency. The con¬ 
struction of this choke is regu¬ 
lated by the same principles as 
the construction of the trans- 


s used to couple the valves, the 
. 421. 

of low-frequency transformers to 



Fid. 121. li.F. Transfofnioi Coupled 
Amplifier. 



Fio. 422. L.F. Choke Coupled Amplifier. 


former for low-frequency amplifiers, i.e. low iron losses and small 
distributed capacity, together with small dimensions. 
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Fio. 423. The General Form of a Filter Network, 


L.F. Resistance^capacity Coupling (6) 

The connections for this type of amplifier are the same as in 
the case of the corresponding^ type of H.F. amplifier. The 
conditions to be met are satisfied with a similar general arrange¬ 
ment of the circuit, the coupling condenser being, however, much 
larger, in order to provide small reactance drop. Separate grid 
bias for each valve is necessary, as each successive stage must be 
biased back more than the preceding stage. 

Fields of Use of the Radio^^Frequency and Audio^^Frequency 
Amplifiers 

In order to decide as to whether high-frequency amplification, 
low-frequency amplification, or both shall be used in a receiver, it is 
necessary to know the conditions under which the receiver will work. 

If signals of fairly large magnitude will be received on the 
receiver, and the question of output volume is of primary im¬ 
portance, high-frequency amplification can be dispensed with. If, 
however, range is the principal consideration, then high-frequency 
amplification will be essential, 

We may state, therefore, that H.F. amplification increases the 
range of a receiver, whereas L.F. amplification increases the 
volume of existing signals. 

Other considerations arc : 

1. Each stage of high-frcipicncy amplification is, as a rule, 
cheaper to construct than a stage of low-frequcncy magnifi¬ 
cation, on account of the relatively more com])licatcd struc¬ 
ture of the low-frequency transformer. 

2. It is difiicult to make an efiicient radio-frequency 
magnifier for very high frequencies, and it is always easier 
to obtain larger stage gains with low than with high fre¬ 
quency magnifiers. 

3. High-frequency magnifiers are more difficult to keep 
stable than low-frcqucncy magnifiers. 

4. Distortionless amplification is more easily obtained with 
high than with low frequency magnifiers. 

Filters 

One of the most frequent problems that are met with in circuit 
design is to separate currents of different frequencies. Combina¬ 
tions of circuits which effect this are termed “ filters.” 
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Filters of suitable design can be made to separate continuous 
currents from alternating currents; or currents of a high fre¬ 
quency from those of a low frequency. Also currents whose 
frequencies lie between certain specified limits can be separated 
from those which lie between other limits. 

An electric filter then can be defined as a combination of 
inductances and capacities which, when interposed between a 
transmitter and receiver, allows currents to pass, the frequencies 
of which lie between certain limits, and stops currents of 
frequencies outside these limits. 

A simple condenser or inductance represents, of course, the 
simplest type of filter. A condenser, for instance, tends to stop 
currents of low frequency, and to pass currents of high fre¬ 



quency. An inductance on the other hand tends to stop currents 
of high frequency and to pass currents of low frequency. 

Resonant circuits, also are examples of simple filters. A series 
resonant circuit only allows currents of one frequency to pass, whilst 
a parallel resonant circuit only stops currents of one frequency. 

The most general type of filter is represented in fig. 42fi, where 
T represents the transmitter, and R the receiver. It consists 
of a series of shunt elements each of impedance Zg and of series 
elements of impedance Zj. 

Low Pass Filter 

An ordinary telegraph line is a filter of this type, for it possesses 
inductance per unit 
length, and also capacity 
per unit length down to 
earth. We may there¬ 
fore represent it as in 
fig. 424. 

Now it is obvious from 
first principles that a 
filter of this type will be 
what is known as a 
“low pass” filter, that 
is to say, it will pass 
currents of a low fre¬ 
quency, and will tend 
to cut off those of a 



Fio. 425. Attenuation Curve due to Resonance 
Eftects in the Low Pass Filter of fig. 424. 
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high frequency. Now if we consider a single series and a single 
adjacent shunt element, we shall see that this forms a series 
resonant circuit for a certain frequency/for angular velocity 
Hence the greater part of the current of this frequency from the 
transmitter will be shunted round this circuit and will not reach 
the receiver. The at- • 
tenuation curve for this 
element will therefore be 
in the nature of fig. 425. 

We have in addition to 
the above the effect of 
the series inductances 
tending to cut off the 
high frequencies from 
the receiver, and of the 
shunt capacities tending 
to bypass the high fre¬ 
quencies before they 
reach the receiver. The 
action of the complete 42(). Attenuation Curves due to Inductance, 

rxctworlc is lH.dlOfltG(l Ifl Osipu-City Riid l^oscH&ncc in I-jOW Prss Fillpr* 
fig. 426, which shows the additive effects of the resonant circuits 
of fig. 424, and the subsidiary effects of the condensers and in¬ 
ductances. This affords a simple explanation of the cutting off 
effect of such a filter. 

Cut*«off Frequency 

The frequency at which the filter begins to cut off the received 
current is known as the “ cut-off ” frequency of the filter, and it 
is obvious that the cut-off frequency of the filter desc ribed above 
will be given by the relation 

= 1/LC... .....(1) 

where L is the value of the scries element, and C is the capacity 
of the shunt clement. 

High Pass Filter 

The second type of filter which is used most frequently in radio 
practice is known as a “ high pass ” filter and has a construction 
similar to that given in fig. 427. In this ease the reverse effects will 
occur to those which occurred in the low pass filter. The scries 
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elements will pass the high frequencies and will stop the low, 
and the shunt elements will bypass the low frequencies from 
the receiver. The attenuation curve will therefore be as shown 
in fig. 428. The same relation as given in (1) will also apply 
for the (iut-off frequency. 

Band Pass Filter 

A third type of filter is known as a “ band pass ” filter, as only 
currents whose frequencies lie between certain definite limits 
can pass through it. 

Such a filter is construc¬ 
ted as in fig. 429. The 
attenuation - frequency 
curve of the filter is 
given in fig. 430, the 
attenuation being negli¬ 
gible for frequencies 
between the limits indi¬ 
cated by and cuj, but 
very high outside this 
band. 

Distortion 

So far we have only 
considered the attenua- ^28. Attenuation Curve for nigh Pass Filter. 

tion effect of the filter, but it has also another effect. The 
phase of the current is in general altered in passing through 
the filter, and may cause distortion. In the majority of 
cases the question of distortion need not be considered, but in 
telephony problems, and in certain other cases, the distortion of 
the current is of great importan(!e, and special networks can be 
constructed to produce certain types of distortion, or to correct 
the distortion occurring in previous circuits. The construction of 



r^a. 429. Two types of band pass filter configuration. 
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these is generally so involved, and their use so limited, that it 
need not be dealt with here. 

Uses of Filters 

In multiplex work Morse signals have constantly to be separated 
from speech signals; also Morse signals on a carrier wave 
of one frequency have to be separated from those of another 
frequency. 

filters may also conveniently take the place of inductances 
and condensers in circuit protection, and in the elimination of 
harmonics and of currents above or below a certain frequency. 







a 







CM 
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Fio, 430. Attenuation Curve for “ Band ” Fio. 431. Note Filter Coupling of L.F. 

Filter passing all Frequencies between Amplifier Stage. 

the limits indicated by oij and (Oj. 

Filters are generally applied to high-frequency circuits to choke 
out signals from unwanted stations, or to cut down interference 
from “ static.” 

Many of these filters consist of simple resonant circuits, the 
most familiar, of course, being the ordinary tuned aerial circuit of 
a receiver. 

Also, wc may consider^ a series of high-frequency amplifiers 
to be nothing more than a filter passing one particular frequency, 
i.e. the frequency to which the amplifier is tuned. 

In commercial receiving sets use is now being made extensively 
of low-frequency filters or note filters for low-frequency magni¬ 
fication. The connections for such a stage of note magnification 
are shown in fig. 431. 

The circuits A and B are tuned to some frequency, say, 1,000 - 
and the rest of the set is tuned to give reception on some high- 
frequency station modulated at a frequency of 1,000 Now if 
a station is working on the same wavelength as the wanted signal 
so that it interferes on ILF., then if its signals are not also 
modulated at 1,000 - they will not be passed by the note filter. 
Hence it will be seen that such a note filter adds extreme 
selectivity to a receiving set. In practice it will only be em¬ 
ployed, of course, on a C.W. set, using a local oscillator, where 
the oscillator can be made to beat with the incoming signal at 
the desired frequency of the note filter. 
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CHAPTER XXV 

VALVE AND CRYSTAL RECEIVERS 

T ^YPICAL marine receivers made by The Marconi Company 
and Messrs. Siemens Brothers are described below. 

11 these rely normally on valves for reception, but emergency 
crystal detection must always be provided following a Board of 
Trade regulation concerning Wireless Telegraph installation which 
states that the installation shall be so constructed as to be capable 
of “ . . . maintaining reception by means of a Rectifier of the 
Crystal type . . 

MARCONI RECEIVING APPARATUS 

The types of receivers designed by the Marconi Co. for use in 
the Merchant Service are as follows : 

Marine Receiver, No. 4 

There are three main units in this receiver which can be com¬ 
bined together in various ways. The units are : 

(a) Receiver, type 226. 

(b) Long wave adaptor, type 229. 

(c) Single note magnifier, type 227. 

The normal method of combining the units mentioned is to 
use the long wave adaptor, the receiver, and the note magnifier 
as assembled in fig. 432. This combination is known as Marine 
Receiver, No. 4b. If the receiver and long wave adaptor only 
are used the combination is known as Marine Receiver No. 4a. 
The receiver by itself is known as Ma.finc Receiver, No. 4d, and 
the combination of receiver and note magnifier is known as 
Marine Receiver, No. 4c. 

Receiver, Type 226 

This consists of a single valve self-oscillating circuit, fitted 
with variable reaction and grid-condenser rectification. The 
wave-range of the receiver only is from 300-3,000 metres. The 
wiring diagram is shown in fig. 433. 

It will be seen from the above that the receiver comprises two 
circuits : the aerial circuit and the closed circuit, each consisting 
of a variable inductance and a variable condenser. When the 
“ tune ” “ std.bi ” switch is thrown over to the “ std.bi ” position, 
the aerial and earth are connected to the closed circuit. The 
receiver is then tuned to the desired frequency by means of the 
condenser B and the closed circuit inductance, L. 

The aerial circuit can now be tuned by throwing the switch 
back to the tune ” position and adjusting the aerial circuit by 
means of the condenser A and the aerial tuning inductance, L. 
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A switch is provided to place the condenser A either in series or 
parallel with this inductance. 

In order to keep the adjustments reasonably constant when 
switching from “ std.bi ” to “ tune,” two balancing condensers 
are used. One is in series with the aerial in the “ std.bi ” position 
so as to make the aerial capacity very much the same for all 
ships, and the other is switched into the first circuit in parallel 
with the variable condenser when in the tune position, to represent 
the equivalent capacity of the aerial and the first condenser in 
series. 

Since the original type 226 receiver was made, there have been 
two later models embodying minor improvements. 

In the type 226a a crystal is provided for use if desired. 
A two-pole double throw switch is provided in the receiver to 
connect the crystal with the tuning circuit. 

In the type 226b the construction is improved by the addition 
of a non-microphonic valve holder, and a means is provided for 
connecting the grid of the detector valve to either -f- or — L.T. 

The receiver, type 226, is arranged for use either with a V24, 
DEV, DpjR or R valve, and the receiver, type 226b, is intended 
for use with either a DKR, DELHI0 or DEH612 valve. 

Two. pairs of terminals marked “ Reaction ” and Inductance ” 
are provided on all the receivers. These are normally joined by 
links. When the long wave adaptor is connected, the links are 



Fig. 432. Marconi Marine Receiver MR4, including Components, Types 226, 227 
and 229, nuirkcd (a) (&) and (c) respectively, 
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removed and a large variable inductance is joined across the 
inductance link terminals and a tapped reaction coil is connected 
up to the reaction link terminals. 

Switches are fitted on the long wave panel so that these extra 
coils can be disconnected and the terminals on the type 226 
connected together when the receiver is being used for the shorter 
waves. There are five terminals on the right-hand side of the re¬ 
ceiver which correspond to similar terminals on the note magnifier. 

Note Magnifier, Type 227 

The single note magnifier, 
type 227, is a one-valve trans¬ 
former coupled amplifier, and 
needs no detailed description. 

Its input si^e is arranged for 
connection to the telephone 
terminals of the receiver, and 
its output side is designed for 
use with low resistance tele¬ 
phones. It is adapted for clip 
or socket valves to match the Fig. 43t Marconi Single Note Magnifier, 
receiver type 226. Type 227 . 
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Modifications have been in¬ 
troduced in the form of types 
227a and 227b. In these in¬ 
struments the telephones are 
switched back to the 226 when 
the note magnifier valve is 
switched off. A simplified cir¬ 
cuit diagram is given in fig. 434. 

Long Wave Adaptor, Type 229 

The long wave adaptor panel, 
type 229, consists of a large 
variable inductance, and a 
similar variable inductance 
tightly coupled to it, which acts as a reaction coil. 

The wiring of the adaptor can be understood by reference to 
fig. 435. 

Two double pole double throw switches are provided to enable 
the long wave coils to be disconnected so that the short wave 
coils contained in the 226 receiver alone remain in the circuit. 
On the very long waves the reaction coil contained in the 226 
receiver will have no effect, but on the moderate waves it can 
be used as a fine adjustment in addition to the reaction obt^iined 
from the adaptor. 

Later types, 229a and 229b, differ from type 229 only in 
mechanical construction. Type 229a should always be used in 
conjunction with the receiver, 
type 226a, as the windings of 
these two have been arranged 
to suit each other. 


Marine Receiver, Type 352 

The type 352 marine receiver 
is a multi-range instrument, 
possessing five short wave ranges, 
and eight long wave ranges, 
covering all wavelengths from 
15 to 20,000 metres. The short 
wave ranges are selected by 
changing coils, and the long 
wave ranges are selected by a 
rotary switch. The five short 
wave coils cover a wave range 
of from 15 to 200 metres, and 
the long wave wave-change 
switch covers the remainder of 
the wavelengths from 200 to 
20,000 metres. 


differ from type 229 only in 
229a should always be used in 



• denser, (d) Tuned input circuit. 



Fig. 435. Marconi Long Wave Adaptor 
Panel, Type 229. 
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Two valves—a detector and transformer coupled note mag¬ 
nifier—are incorporated in the receiver. Variable reaction is 
applied to the detector and is controlled by means of a vari¬ 
able condenser. A milliammeter is incorporated in the anode 
circuit of the detector valve to facilitate tuning. A volume 
control in the form of a potentiometer across the telephones is 
also fitted. 

A rejector circuit is included in the receiver, and serves to 
eliminate all unwanted wavelengths from 250 to 1,200 metres. 

The receiver is contained in a metal case and is completely 
screened. 

A simplified diagram of connections of the high-frequency part 
of the receiver is given in fig. 436 and a photograph of the re¬ 
ceiver is shown in fig. 437. 

The receiver is designed for use with a local oscillator if required 
to receive C.W., and an increased selectivity can be obtained by 
the use of a specially designed note filter. 

Marine Receiver, Type 3S2a 

This receiver (fig. 438) is an improved model of the type 352 
and is suitable for fitting in all cases where the type 352 might 
be used. 

The receiver covers the same wave-range as the 352 but has 
been modified in the following particulars : 

(a) Increased efficiency has been obtained by suitable con¬ 
struction of coils. 

(b) An improved method of switching has been incorporated. 



Fig. 437. Marine Receiver, Type 352. 
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(c) Anode bend detection has been substituted for cumu¬ 
lative grid in order to eliminate threshold howl on short waves. 

(d) To permit of the maximum efficiency of rectification, 
while at the same time oscillation generation, an arrangement 
is incorporated in the receiver whereby an actual anode im¬ 
pedance of the detector valve can be controlled.. This control 
IS operated by a switch on the face of the receiver, situated 
under the wave-range switch. In order that the receiver is 
operated under its best conditions it is necessary to keep the 
switch on the appropriate wavelength setting. In addition to 
controlling the anode impedance, this switch modifies the 
coupling between the aerial and the detector circuits. A 
diagram of connections of the receiver is shown in fig. 439. 

Two-volt valves are employed, the recommended type being 
L.P.2. A high-tension battery of approximately 72 volts is 
supplied as part of the complete equipment. 

The short waves from 15 metres to 200 metres are tuned on 
special plug-in inductances, which are inserted as required in a 
four-pin holder. 

Reaction control is obtained by means of a variable condenser 
connected between the plate of the detector valve, and a reaction 
coil coupled to the grid circuit of the detector valve. 

As a means of reducing interferences on 600 and 1,000 metres, 
a rejector circuit is incor))orated in the aerial circuit. This 
circuit is tuned by means of a variable condenser. 

A plug-in type of crystal is provided for emergency requirements 
over the wave-range of 500-1,200 metres. 



Fio. 438. Marine Receiver, Type 352a. 
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Fig. d3!>. ])iagram of Connections of Receiver, Type 352a. 


Heterodyne, Type 357 

This heterodyne has been specially designed for use with the 
Marine Receiver, Type 352 or 352a, where reception of continuous 
wave stations is desired. 


A simj)lc oscillatory circuit is employed (fig. 410) in such a 
manner that the required amount of energy for best reception 
is transferred to the receiver by means of a coupling capacity. 
This coupling capacity is located within the heterodyne. 

A large high frequency choke is arranged, together with a 
decoupling condenser, to prevent any back coupling to the receiver 
via the battery or battery leads. 

An “ on-off ” switch is provided so that the heterodyne 
may be switched off during the reception of spark or I.C.W, 
transmissions. The wave-range is from 200 to 22,000 metyes. 
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This range is covered in five stages by turning a multiple switch, 
which selects the desired waveband. Final adjustment of 
wavelength is then obtained by a calibrated variable condenser. 

A calibration chart is supplied with each heterodyne. This 
chart shows five curves corresponding to the five wave-ranges on 
the wave-range switch. To obtain any desired wavelength, it 
is necessary to first ascertain from the calibration chart the 
position for the wave-range switch, and then set the condenser to 
the value corresponding to the desired wavelength. 

The receiver 352 may now be adjusted to the desired wave¬ 
length in accordance with the instructions issued with that 
receiver. As soon as the required station has been tuned in, 
the filament switch of the heterodyne should be set to the “ on ” 
position. If all adjustments are now correct, a heterodyned note 
should be obtained in the telephones. The reaction condenser 
on the 852 receiver must therefore be set back just below the 
oscillation point. A clear C.W. signal should now be heard, and 
the heterodyne condenser may be varied to give any note which 
the operator prefers for reading. There are two points on the 
scale a few degrees either side of the “ blind spot ” which give 
this note. Where interference is experienced at one point, the 
heterodyne should be adjusted to the alternative setting. 

A careful readjustment of the reaction condenser on the 352 
receiver to a position just below the oscillation point should now 
give a very considerable increase in signal strength. 
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Fig. 441. Diagram of Connections, Type 374 High Frequency Amplifier. 


High'-Frequency Amplifier, Type 374 

Where it is found that the Marine Receiver, Type 352, does 
not possess sufficient sensitivity, i.e. where high-frequency 
amplification is needed, the type 374 amplifier has been designed 
to work into the tyjie 352 receiver. 

In this amplifier two screened grid valves are utilized, and 
the relative grid circuits are tuned by means of .0015 mfd. 
variable condensers by means of which the wavelength desired 
on any particular range is selected. 

The wave-range covered is from 200 to 20,000 and this is 
covered in six stages by means of a multiple switch. 

This switch is in the upper centre portion of the panel, and a 
pointer attached to the knob of the switch indicates against the 
engraved panel the location of the switch. A “ click ” device, 
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part of the switch, ensures definite contacts. The action of the 
switch is to short-circuit and earth the ends of all coils not in 
circuit. 

The “ on-off ” switch is on the left-hand side of the panel face, 
and the coupling switch is placed in the centre of the panel and 
under the wave-range switch. 

The coupling switches consist of two ganged switches which 
can be placed in one of three different positions. One switch 
varies a capacity between aerial and the first tuned circuit, and 
the other similarly varies a capacity between the first valve 
anode and the tuning circuit of the second screened grid valve. 
The three different positions of the combined switches control 
selectivity and sensitivity. Usually the instrument is operated 
in the position marked “ normal,” but for stations searching 
the position of maximum coupling will be found the better 
arrangement. 

The necessary grid bias of the screened grid valves is maintained 
by means of a resistance across the filament circuit, and a con¬ 
nection taken from a point of this resistance to the positive 
terminal of a 1.5-volt dry cell, the negative of which is joined to 
the earth end of the grid circuit. 

In practice, the resistance consists of two units in series, the 
tapping being taken at the point of connection of these two 
resistances. 

Normally, 2-volt valves are used, the type being S215. If 
4- or 6-volt valves are desired, then the relative types to be used 
are S410 or S610. High tension of 72 volts should be used, a 
separate tapping of 48 volts being applied to the screen of the 
valve. It should be noted that if valves other than 2-volt are 
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to be used, it will be necessary to replace the biasing? resistances 
of 24 ohms by others of the correct resistances. It should be 
noted that the resistance to be changed is that at the positive 
end of the valve filament. 

The valves may be placed in 
position through the top of the 
case. It should be noted that 
when fitted, the H.F. amplifier 
is always in circuit, unless the 
aerial connection be taken from 
the aerial terminal of the H.F. 
unit and connected to the aerial 
terminal of the type 352 receiver 
or type 874 heterodyne. 

Tuning is carried out by means 
of the inductance switch, and 
then by means of the two variable 
condensers Cl and C2. The 
adjustment for these condensers 
can be seen from the calibration card which is placed inside the 
lid of the instrument. This calibration card indicates the 
adjustment for C2 condenser, and if the condenser Cl is placed 
to within a degree or so of this calibrated reading, very little 
further adjustment will be needed. 

The diagram of connections of the amplifier is given in fig. 441. 

Note Filter, Type 358 

This unit has been designed to work in conjunction with the 
352a receiver and is essential for separating long wave stations 
which cannot easily be separated by high-frequency tuning. 

The unit, a diagram of connections which is shown in 
fig. 442, consists of three valves coupled by means of tuned 
transformers. The transformers are tuned by means of con¬ 
densers placed across the secondary windings and movable iron 
cores. The transformers are adjusted to 1,000 cycles and the 
tuning should not be altered unless necessary. 



Fio. 443. Output Stage of Type 352A 
Receiver with no Note Filter Employed. 
A and B are linked together. 



Fio. 444. Output St^^e of 352a Receiver with Note Filter, Type 358, 
inserted between A and B. 
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When the 858 is used in conjunction with the 352a receiver, 
the telephones are left on the terminals provided on the 352a and 
the two terminals on the right-hand side of the 358 are connected 
directly to the two terminals on the left-hand side of the 852a 
receiver, these two terminals being normally strapped together 
when the note filter is not being used (fig. 443). The two 
terminals are in the anode circuit of the output valve of the 
352a receiver, and the manner of inserting the 358 note filter in 
the circuit is shown in fig. 444. 

It will be seen from figs. 441 and 442 that when the switch in 
fig. 442 is at the position “ in ” the note filter is arranged to follow 
the low-frequency valve in the 352a receiver. In the position 
“ off ” the filaments of the valves of the note filter are dis¬ 
connected from the low-tension supply, but there is no through 
circuit from the receiver via the note filter to the telephones. 

In the position “ out ” the filaments of the valves of the note 
filter remain disconnected, but a through circuit is arranged 
between the telephones and the receiver, making the latter into 
a standard two-valve receiver. 

High Frequency Amplifier Type 384 

This amplifier has been designed to work in conjunction with 
the standard receivers type 352 or 352A and is a combined 
two valve H.F. unit with a separate oscillator for C.W^ reception. 

In order that the maximum efficiency may be obtained in 
service, the amj^lifier is restricted for use on those frequencies 
most required for ship working, and accordingly covers three 
wavebands, the medium and long wave marine, and the waveband 
used for Rugby press on long wave, as follows : 

Range 1 500 to 1,365 metres (600 kc. to 220 kc.) 

,, 2 1,090 to 3,260 metres (275 kc. to 92 kc.) 

„ 3 18,750 metres ± 10% (16 ke. ± 10%) 

Fig. 445 shows the theoretical wiring diagram of the unit, from 
which it will be seen that the aerial is taken to a tapping point 
on the tuning coil in the grid circuit of the first valve, which is 
a variable-mu pentode type VP.21. Sections of this tuning coil 
are selected by the range switch, and variable tuning effected by 
means of the aerial tuning condenser (C.4). The anode circuit 
of the pentode VP.21 is tuned by means of the anode condenser 
(C.5), and coupled to the grid circuit of the frequency-changing 
valve type X.21. The fourth grid and anode of this valve, having 
variable-mu properties, are used as part of the standard high 
frequency amplifying circuits, while the first and second grids 
are used to provide local heterodyne oscillation. 

The impedance in the anode of the X.21 valve is a simple high 
frequency choke capacitively coupled to the input or aerial 
terminal of the 352 class of receiver. 
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Fig. 445. Theoretical Wiring Diagram of 384 H.F. Amplifier. 
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The inductances used are of the Ferrocart type. 

The “ on-off ” switch cuts off both H.T. and L.T. from the 
receiver. 

The gain control potentiometer switches off the local grid bias 
battery when it reaches the end of its travel. The “ Short Wave 
—Long Wave ” switch is combined with the “ on-off ” switch. This 
switches the aerial input either direct through the 352A receiver 
for short wave reception or on to the H.F. amplifier type 384. 

The heterodyne is controlled by an “ on-off ” switch which 
shorts the tuning condenser of the heterodyne circuit in the 
“ off ” position. 

The range switch is a pair of ganged switches, these controlling 
the aerial input, two sets of tuning inductances and one set of 
local oscillator inductances. 

In using the heterodyne oscillator it has been found that if the 
latter is used on its fundamental frequency for the audible recep¬ 
tion of C.W. signals there is a strong tendency to reduce the 
sensitivity of the 352 receiver owing to the very powerful oscilla¬ 
tions produced especially on range 2. The heterodyne oscillator 
is therefore arranged to work on its second harmonic on range 2, 
and other harmonics may be used if desirable. 

For the reception of C.W. on the 600 to 1,200 metre range the 
heterodyne may be used at one of its higher harmonics and 
satisfactory results will be obtained. On the long wavelength 
it is inconvenient to use a second harmonic of the oscillator owing 
to the fact that under such circumstances the fundamental 
frequency of the oscillator would be audible. On this range, 
therefore, the local oscillator is used on its fundamental frequency, 
but the amount of reaction on the oscillator circuit on this range 
has been carefully adjusted so that the sensitivity of the receiver 
remains sensibly unaffected by direct input from the oscillator. 

In all cases it is strongly recommended that the reaction 
available on the 352 or 352A receiver should be taken nearly to 
its full limit and very careful tuning adjustments should be 
made on the type 384 amplifier so that the gain control potentio¬ 
meter may be tuned as far back as possible. By doing this the 
negative voltage on the grid of the V.P.21 will reduce cross 
modulation to the lowest degree. 

Marconi Marine Receiver Type 560 

This instrument is shown complete in its screened case in fig. 446. 
The chassis is mounted on a hinged front, which is shown open in 
fig. 447. The waverange covered is 25,500 kc/s to 15 kc/s (11 to 
20,000 metres) in fourteen bands. 

The receiver is a six-valve superheterodyne, the radio frequency 
signal being heterodyned by a push-pull frequency changing 
system to an intermediate frequency of 265 kc/s. After anipliftca- 
tion this frequency is rectified and the resultant L.F. signal is 
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Fig. 440. Type 500 Heceivor. 

amplified. If desired a two stage note filter can be introduced 
before the final output stage. A second oscillator is available for 
use when receiving C.W. signals. 

A simplified wiring diagram of the instrument for medium and 
short wave conditions, is shown in fig. 448, the wave range required 
being selected by switches. 

The valves used are six in number, with a Metal Oxide Rectifier 
as a detector. Referring to fig. 448, the functions of the valves 
are as follows :— 

Vl. V2. Push-pull frequency changers, 

V3. I.F. stage, 

V4. Second heterodyne Oscillator, 

V5. 1st L.F. stage. 

V6. Output. 

Type KTW63 valves are used for the I.F. stage, the 1st L.F. 
stage and the output stage and X63 valves are used for the 
frequency changer and the second heterodyne oscillator. 

The L.T. supply is 6 volts at 2 amperes and an H.T. supply of 
120 volts at 30 milliampcres is needed. 

Low resistance phones are used in the output and emergency 
crystal reception can be obtained on 500 kc/s (600 metres) by 
means of a carborundum/steel crystal. 
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Aerial Systems 

The receiver may be fitted to work from the main aerial or in 
eonjunetion with a sub.sidiary aerial. The latter arran<fement may 
be necessary to rcdu(‘e the noise level due to induetion from the 
ship’s electrical equipment. For this purpose a partially screened 
aerial is to be used. 

Such an aerial comprises an upper portion, 50 or 60 ft. long, of 
normal stranded bare wire connected at its upper end to an 
insulator and hauled into position by a suitable halyard. The 
lower end of this bare stranded conductor is also attached to an 
insulator from the lower portion of which a stranded strain 
wire is taken to another insulator tied off to some part of the 
deck as near to the wireless cabin as is convenient. The 


441 



HANDBOOK OF TECHNICAL INSTRUCTION 


strain wire between the middle and the lower insulator must not 
be connected to earth. To this strain wire is attached, by clips, 
at suitable intervals, a special screened cable which consists of 
an inner conductor of phosphor bronze with rubber insulation, a 
tinned copper braiding, 
further insulation and, 
finally, an outer protective 
non-conducting braiding. 

The inner conductor of 
this cable is connected to 
the upper part of the 
aerial. The method of fix¬ 
ing the screened cable to the 
aerial is shown in fig. 449. 

Receiver Type 596 

This receiver covers a 
wave range of approxi¬ 
mately 15-20,000 metres 
in seven ranges. It con¬ 
sists of a high frequency 
amplifier, detector, and 
low frequency amjfiifier 
stage. A diagram of con - 
nections is shown in fig. 

450. Switches S 1 -S 7 are 
waverange switches, Jj is 
the crystal output jack 
and Ja the valve amplifier 
output jack. The high 
frequency amplifier stage 
consists of a type W.21 
valve which is trans¬ 
former-coupled to the tyf)c 
W.21 valve in the detector 
stage. This stage is a 
grid leak detector with 
condenser-controlled re¬ 
action for C.W. reception 
and is coupled to the out¬ 
put stage by means of a 
parallel-fed transformer of 3:1 ratio. The transformer is con¬ 
structed with a special hi-mu alloy core and on no account must a 
D.C. current be passed through the primary. The grid of the 
output valve is connected via an H.F. stopper resistance to one 
side of the transformer secondary, the other side of which is 
connected to grid bias—3 volts. The output valve is a tetrode 
valve, type KT. 2 , which has an H.F. stopper resistance and 
telephone transformer in its anode cireuit. 
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Fig. 419. Method of attachinf» screened lead to 
aerial. Type 5()0 lieceiver. 





Diagram of Connections. Type 560 Receiver. 
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Fig. 460. Diagiram of Connections. Type 596 Receiver. 






HANDBOOK OF TECHNICAL INSTRUCTION 



The coils used are of the plu<^-in type and cover wave ranges of 
approximately 15-40, 38-100, 95-220, 200-700, 600-2,100, 2,000- 
7,000 and 6,000-20,000 metres. The windings are shown in 
fig. 451. They are cornpletel}'^ screened and so arranged that any 
two pairs may be inserted at a time to cover two ranges, the 
required range being selected by means of a switch. The numbers 
1 to 7 on each of the four coil connections in fig. 451, refer to the 
pin numbers in fig. 450. 

For emergency crystal operation the crystal detector should be 
inserted in the two sockets marked “ Crystal,” the telephone plug 
inserted in the jack marked “ Crystal Output,” and the H.F. 
gain control turned hard to the right. This gain control adjusts 
the polarising voltage applied to the crystal and should be turned 
back slightly to the left until the most sensitive position is found. 
It may be necessary to adjust the crystal itself as it will be found 
that much more satisfactory operation can be had in one position 
than in the other. 
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Marconi Marine Receiver Type 730 


This receiver is specially designed to meet marine requirements 
and covers a waverange of 15 to 20,000 metres in ten ranges, 
15-35, 30-55, 50-100, 85-180, 170-330, 275-500, 460-1100, 
1100-2300, 2300-8000, and 8000-20000 metres. Its outward 
appearance is illustrated in fig. 452 and details of its assembly 
can be seen in fig. 453, Waveranges are changed by means of 
plug-in coils, and a circuit permanently tuned to cover the 600 
metres band is available for instant switching in. This arrange¬ 
ment permits adjustments in use to be retained when watch- 
keeping on the 600 metres waveband. 

Four type W21 valves are used ; one as 11.F. Amplifier, one as 
detector, and one as L.F. amplifier. The fourth valve is used as 
a separate Oscillator for the reception of Rugby on 16 kc/s. 
(18750 metres). A circuit diagram is shown in fig. 454. Ll is 
the H.F. coil, L2 the detector coil and L3 the long wave oscillator 



Fia. 452. Type 730 Receiver. 
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Fio. 453. Type 730 Receiver, showing details of’assenibly. 

Supplies are as follows :—L.T. — 2 volts. 

H.T. — 110 volts. 

G.B. — 10 volts. 

The controls are shown clearly in fig. 452, and are as follows :— 

{a) A four position switch (S^, fig. 454) in the top centre of 
panel changes over from normal tuning to 600 metres 
“ stand by ” or to the crystal. 

(6) Left hand—H.F. tuning control. 

(c) Right hand—Detector tuning. 

(d) II.F. Gain (R^ fig. 454) below II.F. Tuning Control varies 

the signal passing the variable-mu H.F. valve. 

(e) Detector Gain Control, (Rg fig. 454), varies the screen grid 

potential of the Detector valve and is an additional 
reaction control. 
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Fig. 454. Diagram of Connections. Type 730 Receiver. 
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(/) L.W. Oscillation Switch (Sg, fig. 454), controls a separate 
heterodyne oscillator to facilitate the reception of 
Rugby. The beat frequency may be altered to suit 
requirements, by varying the trimmer condenser 
situated close to the heterodyne coil. 

For emergency reception a crystal is y^rovided. The crystal 
should be inserted in the ap])ropriatc sockets, the four position 
switch should be set in the top centre of the panel to “ Crystal ” 
and the H.F. gain control rotated in a clockwise direction until 
the stop is reached—a slight adjustment back will supply the 
necessary bias to the crystal. Tests should be made in order to 
ascertain whether a reversal of the crystal detector in its sockets 
will give improved results. 

SIEMENS BROTHERS RECEIVING APPARATUS 

Receiver, Type SB83 

This receiver is illustrated in fig. 455, and a diagram of its 
connections is given in fig. 45(3. It consists of a detector 



Fio, V)i). Siemens lieceiver, Type SJJSo. 

valve and one low-frequency amplifier valve. It is enclosed in 
a cast metal box with metal panel, and the low-frequency valve 
is screened from the detector valve by a metal plate. The same 
tuning condenser is used on all wavelengths, and two plug-in 
coils are employed, one for the purpose of recieiving short waves 
of from say 30-60 metres, and the other for receiving waves of 
the order of 600 metres. 

Switches control : 

(a) The coupling condensers. 

(b) The coil system and reaction control. 
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Fiq. 45G. Siemens Receiver, Type S.B.83. Diagram of Connections. 


The switch marked a in fig. 456 inserts one of three coupling 
condensers A, B, or C according to the wavelength required. 

The switch marked b in lig. 456 has two positions. In the 
short wave position the short wave coils D and E are tuned by 
the tuning condenser, the reaction is controlled by the reaction 
condenser, and the fixed coil of the long wave coils is used as an 
ILF. choke. 

In the long wave position the short wave coils are disconnected, 
the moving coil of the long wave coils is tuned by the tuning 
condenser, and the reaction is controlled by adjustable coupling 
between the fixed and moving long wave coils. 

An emergency crystal detector is provided in the circuit to 
comply with certain Government regulations. 

Receiver, Type SB173 

This receiver has been designed to meet all modern require¬ 
ments in respect of wave range, sensitivity and selectivity. It 
employs three valves, one screened grid high frequency valve, one 
detector and one note magnifier and covers all commercial wave 
lengths from 15 to 26,000 metres. 

For the short waves (under 100 metres) and for the long waves 
(over 3,000 metres) the aerial cireuit employed is aperiodic, but 
for the intermediate band (250 to 3,000 metres), on which band 
most commercial wireless traffic is carried out, the grid circuit of 
the high frequency valve is tuned and thus maximum selectivity 
and sensitivity are obtained. 
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A photoffraph of the receiver is given in fig. 457, and an inside 
view in lig. 458. The circuit arrangements ior the three ranges of 
wavelengths 15-300 metres, 250-3,000 metres, and 2,200-2,600 
metres, are shown in 459. 



Fig. 4”)T. Siemens Keceiver, Type S.B.173; o.'tternal view. 
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Fig. 459. Siemens Receiver, Type S.B.173; short wave, medium wave and longwave 

circuits. 
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Receiver Type S.B. 183 

This receiver is a 5 valve superheterodyne for use on signals 
between 13.5 and 114 metres. The stages arc H.F. amplifier, 
first detector, I.F. amplifier, second detector and L.F. amplifier. 
The tuning is of the band-spread type and is provided by a seven- 
position condenser connected in parallel with a variable condenser 
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of low value. For the reception of C.W. signals, the second detector 
is provided with a variable reaction condenser. Two conditions 
of selectivity are obtained by changing the secondary of the I.F. 
transformer. A circuit diagram of the receiver is shown in 
fig. 460, and figs. 461 and 462, give exterior and interior views 
respectively. 
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CHAPTER XXVI 


SHORT WAVE AERIALS AND APPARATUS 


B efore proceeding to describe the various short wave 
transmitters and receivers designed for use on board ship, 
it will be as well to discuss briefly the types of aerials used in 
conjunction with these sets. 

Some types of short wave aerials, e.g., beam arrays, Franklin 
aerials, dipoles, harmonic aerials, etc., have been described 
elsewhere m this book. These are not, in general, suitable for 
use on board ship. It is not necessary to consider unidirectional 
transmission or reception since, essentially, a ship’s transmitter 
requires to be omni-directional. It is obvious, therefore, that 
any system of beam arrays is theoretically undesirable as well as 
being practically unattainable. 

As a transmitting system, a dipole is, to a small extent, 
directional, and for shipping purposes they have been used in 
certain cases with definite advantages. 

A perfeetly normal ship’s aerial may, however, be operated on 
any odd number of J wavelengths, and very considerable use has 
been made of this fact on short wave transmission. 

In addition, it is possible to suspend a vertical aerial from the 
ship’s main aerial, which arrangement enables an aerial to be 
erected which is aloof from the ship’s rigging and stays, and there¬ 
fore a better radiator at short wavelengths. Again, the funnels 
on a ship are generally rigid, and where a short rigid aerial is 
required suspension between the funnels has certain advantages. 

Over a number of years, results on various types of aerials, 
some employing feeder systems, have been (;ollected. On occasion, 
owing to rigging difliculties, some of the more complex aerials 
such as Franklin aerials, dipoles, aerials suspended from the main 
aerial, etc., have been replaced by the use of the ship’s main 
aerial, or the more stiff but shorter emergency aerial. As a result 
of continuous observation it has been found that the slight drop 
in efficiency obtained when these more complicated systems are 
replaced by one or other of the simple ship’s aerials, is more than 
compensated for by the greater reliability and ease of maintenance. 

There is one exception in which the efficiency may far outweigh 
the rigging difficulties, and that is when a dipole is used for 
reception in certain cases where the noise level is excessive. 

Most generally, the limit of reception is governed by the noise 
level of the ship, and in some cases a dipole has been shown to 
be of the utmost value where the noise level has been abnormally 
high. So long as reception can be confined to a frequeney within 
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about 10 per cent, of the natural frequency of the dipole, results 
are greatly improved, but if a wider band of frequencies is required 
another dipole must be erected if the advantage is to be 
maintained. Details of the rigging of a dipole aerial system to 
give minimum noise level are given in fig. 463. It should be noted 
that the feeder leads are crossed at each insulator, and that the 
actual length of the dipole is slightly less than its theoretical 
length for a given frequency. The reason for the former is that 
any noise which is induced in the feeder system is automatically 
balanced out by this crossing of the wires, while the reduction in 
length is due to capacity which exists between the dipole and 
nearby objects. It must not be supposed that a dipole can be 
cut off to length for any given frequency ; it is necessary to 
experiment with each unit in order to get the best results. Since 
they are always difficult to erect and to maintain, they should 
only be used where absolutely necessary. 

As a general rule, therefore, the short wave aerial on a ship is 
cither the main or emergency aerial or both of these aerials, and 
only in exceptional cases is any other type of aerial rigged. The 
possibility of using these two aerials for satisfaetory short wave 
working is a considerable advantage from the point of view of 
simplicity of operation. It is an interesting and not fully 
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explained fact that the results obtained on the main ship’s aerial 
are frequently quite as satisfactory as* those obtained on special 
short wave aerials erected with every care and safeguard, and it 
has become general practice to disregard any aerial system for 
ordinary ship telegraph communication other than the two 
standard aerials, i.e. main and emergency aerials normally 
provided on all big ships. In the case of high-power telephone 
communication channels, special conditions pertain which are 
irrelevant to present considerations. 

Since the two standard aerials on a ship are generally erected 
to conform to the ship’s superstructure, no particular attention is 
paid to their precise dimensions as far as short wave transmission 
and reception is concerned, and it is necessary in order to obtain 
the best results on both transmission and rcce))tion to arrange 
for suitable termination of these aerials to suit various frequencies. 
Owing to the very different dimensions met with in practice, it is 
necessary for this terminal unit to be capable of terminating an 
aerial system suitably to enable it to behave as a radiator 
oscillating on any odd number of J wavelengths. It can be shown 
that such suitable termination can be obtained cither by a series 
(or resonant) tuned circuit or a parallel (or anti-resonant) tuned 
circuit suitably coupled to the aerial. 

In the particular design of the transmitter type 550, to be 
described hereafter, it is convenient to use a series tuned circuit. 
The variable condenser and the aerial coupling coil contained in 
the transmitter forming the tuning units in series with the aerial. 
The relative values of these units are arranged to permit adjustment 
of the terminal impedance of the aerial to give optimum results. 

Apart from the general efficiency and reliability to be obtained 
by using the main or short wave aerials for short wave working, 
the ease with which communication can be established in initial 
tests is a strong reason for adopting this sim))le aerial system, and 
it is suggested that the erection of other aerial systems should 
only be contemplated if the results on the existing aerials are 
abnormally ]5oor and considerable time is available. 

The exact shape of the main aerial does not appear to be a 
controlling factor in the transmission of short waves, but since 
observations of the behaviour of these aerials are still incomplete 
the precise significance of the shape is not yet known. This 
knowledge that the shape does not play a vital part in short wave 
transmission is valuable in deciding where and how to erect an 
additional very stiff aerial for short wave work only, on ships in 
which vibration is so serious as to affect materially the efficiency 
on short wave working. 

As loose an aerial coupling as practical working conditions will 
allow should always be used. 

Every care must be taken to maintain the installation in a 
clean and dry condition. 


464 



FOR WIRELESS TELEGRAPHISTS 


Aerial lead-in and strain insulators should ^ be examined at 
regular intervals and cleaned whenever opportunities permit. 


FITTING AND OPERATING INST RUCTIONS FOR SHORT WAVE 
TRANSMITTER TYPE 550 

General 

This transmitter (fig. 464) is designed to operate over six of the 
short wave bands permitted for mobile stations by the Inter¬ 
national Telecommunication Convention held at Madrid in 1932. 
The precise frequency bands permitted are as follows : 

5,500- 5,700 kc. 54.55-52.63 metres 


6,150- 6,675 „ 48.78-44.94 

8,200- 8,500 „ 36.59-35.09 

11,000-11,400 „ 27.27-26.32 

12,300-12,825 „ 24.39-23.39 

16,400-17,100 „ 18.29-17.54 

The ap])roximate frequency band vddths over which the type 550 
short wave transmitter can be operated arc given hereunder, and 
these ranges are selected by a switch and pointer. 


Range Switch. 

Kc. 

Metres. 

1 

5,300- 6,200 

56.6-48.4 

2 

6,110- 7,185 

49.1-41.8 

3 

7,500- 8,695 

40.0-34.5 

4 

10,240-11,950 

29.3-25.1 

5 

11,320-13,100 

26.5-22.9 

6 

15,960-17,860 

18.8-16.8 



m ^ 



Fig. 464. S.W. Transmitter, Type 550. 
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The range switch (fig. 465) has two .lengths of spindle joined 
together by an insulated coupling. Various shaped blades are 
attached to these spindles in such a manner that when the spindle 
assembly is rotated in a clockwise direction, the pointer travels 
from 1-6 on the scale and the blades engage in clips attached to 
the inductance. As the pointer traverses the scale from 1 to 6 
the blades short circuit turns from each end of the inductance 
towards the centre, until in the final position (No. 6) only one 
complete turn of the inductance is in use. It would seem that 
by this short circuiting action the frequency of the emitted 
energy increases as the selector switch pointer is set to higher 
numbers, and conversely the wavelength decreases. Similarly, 
the line-tuning adjustment made with the main tuning condenser 
is arranged so that the capacitance value of that condenser is at 
a minimum when the pointer is at 100 on the dial. 

A slow-motion dial is provided to drive the main tuning 
condenser and the method of its operation achieves a minimum 
amount of backlash. The dial has two knobs, a large one at the 
centre and fitted directly on the condenser spindle, and a smaller 
knob immediately below attached to the reduction mechanism. 
The smaller knob may be pulled out about Jin. when the slow- 
motion drive will be disconnected and coarse adjustment may be 
made by using the main direct drive through the large knob. 

In transmitters of an older pattern a variable reaction condenser 
was provided, but this has now been dispensed with in favour of 
a condenser having an optimum value of capacitance to give 
suitable reaction over the complete band widths. 

Further, a loading inductance has been inserted in the anode 



Fio. 465. Theoretical Diagram of S.W. Transmitter, Type 650. 
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lead, and the combination of this inductance and the reaction 
condenser provides uniform efficiency. 

As shown in fig. 465, the circuit employs a single three-electrode 
valve type MT.14 in association with a suitable oscillatory circuit 
to which the aerial is inductively coupled. The coupling is 
variable and an external control is provided on the front panel. 

The filament of the valve is heated by power taken from the 
main A.C. supply via a suitable step down transformer fitted in the 
transmitter. A variable resistance in series with the primary of the 
filament lighting transformer gives adequate control of filament 
voltage. A direct-reading voltmeter is connected across the output 
terminals of the lighting transformer, i.e. the low voltage side. 

Attention has been paid to symmetry in the filament circuit of 
the transmitter, the filament being earthed at its centre point, 
which is made possible by the use of a centre-tapped non-inductive 
resistance across the filament. This arrangement also assists in 
stabilizing the transmitter and increases noticeably the life of the 
valve filament. A meter suitable for indicating the anode feed 
current is also provided. This instrument is useful as an indicator 
of “ degree of coupling ” to the aerial, also when an absorbing 
waverneter is in use, the “ flick ” of the feed current meter needle 
is an accurate means of determining “ tune point.” 

A compensating choke suitable to deal with the compensation 
requirements of any combination of main and short wave 
installation is fitted to the installation. This may be omitted 
from the circuit when suitable compensation can be obtained from 
the main transmitter, from which H.T. and L.T. supplies are 
being drawn. An example of this type of fitting is given when 
the installation comprises the 386/550 transmitters. Here the 
compensation is done in the 386. Examples of the use of the 
compensator in the 550 transmitter occur when it is installed 
with the M.C.6, M,C,3, M,C,t3, or M.C.13A installations. 

A combined high tension and low tension change-over switch 
performs all the functions required to accept H.T. and L.T. 
supplies from an existing main transmitter having outputs 
suitable for the purpose, at the same time reducing the installing 
difficulties associated with separate switches controlling the 
change-over from main to short wave transmission. 

A series variable condenser is provided to assist in obtaining a 
suitable termination at the base of a ship’s main or emergency 
aerial when used for short wave transmission. This condenser is 
in series with the coupling coil and the output connections are 
taken through the top of the transmitter. 

All controls are on the front panels. The front of the trans¬ 
mitter is divided horizontally into three sections. The top ganej^ 
occupying^abmit one-third of the height, carries the two indicating 
instrume^s, the voltmeter on the ld ft-haIid^^J^the~ ari6de ie<^ 
cu^ent meter on the right-hand side. Three corifroT spindles 
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Fio. 466* Type 550 series, S.W. Transriiittei (above) with Type 377 
Rectifier (below). 
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pr^ ct through this panel, toge ther with the 
coaling coil by" means of an e&entric toS and crank. 

These are *. - 

(a) The aerial series condenser placed centrally on a level 
with the indicating instruments. 

(b) The range switch, with its scale marked from 1 to 6 
below and a IRtle to the left of the voltmeter. 

(c) The tuning condenser spindle and slow-motion drive to 
the right and on a level with the range switch. 

(d) The drum driving the coupling coil and a clamping device. 

This drum is engraved with arbitrary figures to indicate 

the best coupling position for any particular setting of the 
transmitter. 

Below the top panel is a hinged door having a window at its 
centre. When the door is open, all the interior is exposed to view 
and the valve may be inserted in its holders. The door operates 
a gate switch controlling the H.T. supply to guard against handling 
parts of the transmitter at dangerously high potentials. 

The compensating choke control is obtained by moving the iron 
core choke in and out, and a clamp is provided to fix the core in 
its final position. 

The operation and adjustment of the compensator chokes will 
be dealt with in a subsequent paragraph. 

The frame of the transmitter is connected to the earth terminal. 
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The rectifier used in conjunction with the type 550 transmitter 
is contained in a framework of similar dimensions to those of the 
transmitter, so that they may be mounted either one on top of 
the other, or alongside one another, see fig. 466. 

The rectifier is supplied with 2 kw. at 200 volts, 500 cycles, from 
a standard motor alternator. This supply is used to heat the 
filaments of all valves, i.e. both the MT.14 and MR.4 valves, and 
also to supply the necessary alternating current for rectification 
to H.T. D.C. 

The circuit, a diagram of which is shown in fig. 467, is a simple 
bi-phase valve rectifier system in which high vacuum thermionic 
rectifiers are employed. Power is supplied to the primary of an 
H.T. transformer, the secondary of which is connected to the 
anodes of the two rectifiers, the output of these rectifiers being 
taken direct to the H.T. terminals of the unit. The valves used 
as rectifiers are type MR.4. 

The power supply to the transformer primary circuit is controlled 
both by a key which opens and closes the circuit, and a variable 
resistance which governs the maximum power which can be 
supplied via the key control. In order to avoid variations in the 
load of the alternator affecting the filament emission of the 
valves, a compensating choke is inserted in the filament supply ; 
when the key is closed the impedance of the choke is reduced by 
the current flowing in a complementary winding of the choke. 
The amount of reduction of this impedance depends both on its 
initial value and also on the amount of power supplied by the 
alternator, and is proportional to the terminal voltage drop across 
the alternator. To enable accurate adjustment of the com¬ 
pensating choke to be made, a laminated iron core may be pushed 
into or withdrawn from the choke, thus varying the effectiveness 
of the choke within considerable limits. These limits are designed 
to be wide enough to cater easily for all conditions of load. 

Two instruments are provided on this unit, one to measure the 
terminal voltage of the alternator, the other to measure the 
filament voltage of the rectifier valves. To avoid the necessity 
of insulating this latter meter to the full extent of the H.T. 
output, the meter is made to measure the voltage of the primary 
of the rectifier filament lighting transformer, and the scale of the 
meter is reduced by the exact ratio of the transformer. Thus the 
voltmeter becomes a direct indicator of the rectifier filament 
voltage. 

The two measuring instruments are at the top of the panel, 
while the adjustment for the compensating choke is in the centre 
of the panel. Two doors in the lower part of the rectifier panel 
open to disclose the greater part of the unit; they also permit of the 
rapid insertion, and if necessary, replacement of the rectifier valves. 

The metal case of the rectifier unit is earthed in the same fashion 
as on the transmitter. 

The short wave transmitter type 550 offers the most economical 
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means of adding to existing 1^- or 2-kw. installations the means 
of providing short wave transmission. There will be, naturally, 
numerous ways of installing the unit in view of the varying types 
of main installations available. 
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Fig. 468. Installation Wiring Diagram of 550/386 or 386a Transmitters (386a Transmitter shown) 
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The normal equipment of the transmitter makes it self-contained 
except for the H.T. D.C. supply, which is nominally 200 milliamps 
at 5,000 volts D.C., and where such a supply is available, installa¬ 
tion is simple and straightforward. In many cases, however, an 
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Fig. 469. Installation Wiring Diagram of 550/T22/T32 Transmitters. 
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H.T. D.C. supply, is not available, or if available is unsuitable, 
and in such cases the type 377 rectifier must be used or else the 
existing supply must be modified. A still further complication 
pises where not only is there no H.T. supply available, but there 
is no 2-kw. 500 cycles machine in the installation. Under these 
conditions a separate machine as well as a rectifier panel must be 
supplied, and the equipment may then be regarded as an entirely 
separate and self-contained short wave transmitter. 

There are various types of installation which may require the 
addition of a short wave installation, details of some of these 
being given below. 

550/386 or 550/386a Combination 

A typical diagram for the case where the type 386 or 396a 
transmitter is installed in combination with the type 550 trans¬ 
mitter is shown in fig. 468. 

Apart from receiver and aerial details which will be considered 
later, it will be seen that the switch inside the S.W". transmitter 
type 550, in addition to switching over the H.T. from the rectifier to 
either transmitter, also switches off the filament supply to the oscilla¬ 
tor of the medium wave transmitter ^ 

when the short wave transmitter is in u se. 

In the case of medium wave trans¬ 
mitters using the combined filament 0 
transformer and compensator, the com¬ 
pensating winding is disconnected 
when the 550 transmitter is fitted and 
the compensator choke in the 550 
transmitter is used for both medium 
and short wave transmission. 

This is done iii order that both the 
sets may have the advantage of the 
improved form of compensator fitted 
in the 550. The method used for com¬ 
pensation is the same but the new 
compensator gives much finer adjust- c 
inent by means of its adjustable core. 

The aerial arrangements will have a 
bearing on the matter also, and care 
must be taken to place the aerial am¬ 
meter in a visible and accessible position. 

The position of the type 396 trans¬ 
former should be identical, or nearly 
so, with the position of the type 96 
transformer which it replaces, i.e. it 
must be covered by some eupboard i 
or cabinet to prevent it being danger¬ 
ous to an operator when working. It 
is possible that the accommodation of j 
this transformer will present greater 
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Pig. 470. i-kw. S.W. Transmitter, 
rype 398, with rectifier Type 399. 
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difficulty than the accommodation of the type 96 transformer, 
since it is necessary in the former case to operate the change-over 
switch by means of a vertical push rod coming through the operat¬ 
ing bench. 

In fittings concerned with transmitters type T.22, T.31, T.32 
and T.A.35, it is necessary to follow carefully all the instructions 
given above, but in this case the transformer type 396 and switch 
type 397 will not be supplied and are not required. 

The relevant diagram is shown in fig. 469. 

In the case of quenched gap transmitters, it is necessary to 
supply a type 377 rectifier panel as well as a type 550 transmitter. 
All the precautions in general layout mentioned previously should 
be observed. 

TransmiUer Type S50b 

A special edition of the type 550 transmitter known as the type 
550b has an extended wave range covering 4,000-16,950 kc. 
(17.7-75 metres) in seven steps. This is achieved by a parallel 
condenser in the main tuning circuit. 


Marconi J-kw. Short Wave Transmitter, Type 398/399 

The i-kw. transmitter type 398 (lig. 470) is designed to work 
direct from a ^-kw. 500-cycle standard machine in conjunction 



Fto. 471. Wiring Diagram of ^-kw. S.W. Transmitter 398/9 using Existing Main Aerial. 
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FlO. *172. Wiring Diagram for J kw. S.W. Transmitter 398 in Conjunction with | kw. 
CW-IC\V Transmitter 381. 


with either a separate rectifier, type 399, or the medium wave 
transmitter, type 381. 

The transmitter is arranged to use one valve type M.T.12, this 
valve being lit by alternating current from the machine. 

The wave range of the transmitter, as arranged for normal 
requirements, covers 16 to 40 metres. 

The transmitter possesses a wavemeter consisting of a simple 
tuned circuit across which is placed a neon tube. The variable 
condenser of the wavemeter is in the middle of the top panel, and 
the neon tube may be observed through a small hole in this panel. 
The calibration for the wavemeter is on the lower panel whicli 
covers the terminals, and is expressed in metres. 

The rectifier contains two M.R.l rectifying valves. 

Fig. 471 gives full wiring details of the transmitter as used in 
conjunction with the rectifier type 399. 

Fig. 472 gives similar details of the transmitter as fitted to work 
in conjunction with the medium wave transmitter type 381. 

The internal diagram of connections of the transmitter type 898 
is shown in fig. 473, while that of the rectifier type 899 is given in 
fig. 474. 

The condenser found on the right-hand side of the transmitter 
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Fig. 473. Wiring Diagram of i kw. Short Wave Transmitter Type 398* 



Fio. 474. Wiring Diagram of Rectifier Type 399. 

476 











FOR WIRELESS TELEGRAPHISTS 


is the tuning condenser, that on the left-hand side of the structure 
being the reaction condenser. 

The wavelength range is chosen by means of a switch on the 
top right-hand side of the panel, and the aerial coupling is 
controlled by the handle on the top left-hand side of the panel. 

The wave-ranges are as follows : 

Switch position 1 . 16-22 metres. 


5 > 


)5 


3 

4 


24-32 

30-40 


>> 


The oscillator valve type M.T.12 requires a lilament voltage of 
12.5 volts. The filament terminals of the valve arc taken direct 
to the output terminals on the secondary of the filament lighting 
transformer. A voltmeter across the primary of this transformer 
indicates directly the voltage of the lilament of the valve. The 
grid of the valve is attached to a eonneetion on the reaction 
condenser on the left-hand side of the structure. The anode of 
the valve is connected to the terminal on a porcelain insulator, 
mounted almost directly above the valve. 

It is important to note that an M.T.12 valve must not be used 
unless it has a cop]:)er screen placed over the glass envelope of the 
valve. It is not necessary to connect this screen to any definite 
point, neither to the anode nor to earth. 

Two measuring instruments are fitted on the transmitter, one 
is a milliammcter indicating the feed to the anode of the oscillator 
valve, and the other is a filament voltmeter, connected across the 
primary of the filament lighting transformer. 

A gate switch is included in the transmitter, so that by opening 
the door the transmitter is rendered harmless to the operator. 

The supply of high tension is provided by means of a rectifier 
type 399, or by means of the rectification system of the type 381 
transmitter. 

The rectifier contains two M.R.l rectifying valves, the filament 
voltage of which should be 9.5 volts. One measuring instrument 
—a filament voltmeter—is fitted in the recti her unit. This meter 
is connected directly across the primary of the hlament lighting 
transformer, and has the same ratio as the transformer, so that 
it reads directly the hlament voltage of the rectifying valves. 

The high tension transformer and filament lighting transformer 
for the rectiher unit are mounted at the back of the panel, while 
the compensating choke with a variable iron core enabling an 
installing adjustment to be made, is near to the front of the 
rectiher. 

In addition to certain connections between the machine and 
key and the rectiher, there are certain other connections which 
must be made between the rectifier and the transmitter. In 
order to facilitate installation, three stiff copper wire leads are 
included which connect certain terminals on the rectiher to certain 
terminals on the transmitter. 
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No gate switch is included in the rectifier panel, as the front 
panel can only be taken off by removing definite screws, and the 
gate switch is not, therefore, necessary. 

398/381 Combination 

In fitting the type 898 transmitter to work in conjunction with 
the rectifying system of the type 381 medium wave transmitter, 
it is necessary that the type 398 transmitter incorporates an 
H.T. +/A.C. change-over switch. 

If the transmitter does not incorporate this item, then steps 
must be taken to fit one. 

An aerial ammeter is supplied, reading 0-2 amperes. This 
should be placed as near to the earth as is possible. An aerial 
shortening capacity is utilized so that the short wave transmitter 
may be used with the main aerial. In special cases a short wave 
aerial may be erected and used with this transmitter, in which 
case the set would be arranged to work on a third harmonic 
aerial, so that the overall length would be approximately 85ft. 
for 36 metres, and 43ft. for 18 metres. 

Where it is considered necessary a dipole aerial may be fitted 
with this transmitter, as both terminals of the coupling coil are 
insulated. This latter fitting, however, requires the use in 
general of a short wave feeder terminal unit. 

Short Wave kw. Transmitter, Type 376 

This type of transmitter has been designed after a number of 
years of actual practical experience of short wave working under 
all types of marine conditions. 

Essentially a first-class transmitter for marine work should 
possess the following qualifications ; 

(a) It must be capable of transmitting on any prearranged 
wavelength, this wavelength being chosen in the band over 
which the transmitter is designed to work. 

(5) Once the setting of the transmitter has been placed on 
the prearranged wavelength there must be an absolute minimum 
of frequency drift from that prearranged setting when the 
transmitter is in actual operation. 

(c) The transmitter must be capable of transmitting at a con¬ 
stant frequency despite the conditions met with on board ship, 
such as vibration, leakage, aerial swing, fiuctuation in load, etc, 
With reference to (a) and (6) above, these have been catered 
for, the design being such that the inductance and capacity 
values over the temperature rise of the transmitter when in 
operation remain as constant as possible. Vernier arrangements 
for fine tuning have also been supplied. 

With reference to (c), this has been allowed for by avoiding 
the use of pure C.W. transmission. 

It will be appreciated that under the marine conditions specified 
in (c) it will be extremely difficult to hold a transmitter 
frequency constant without the utmost elaboration and expensive 
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Fio, 475. Diagram of Connections, Short Wave Transmitter, Type 376. 


design of drive circuits. If the transmission is to be carried out 
on pure C.W. of one frequency (whatever this frequency may be 
in the wave band over which the transmitter is designed to work) 
these difficulties will increase as the wavelength is shortened, 
that is, as the frequency is increased. 

To allow for these variations, particularly that of the aerial 
swing, the Transmitter Type 376 has been specifically designed 
with approximately 30 per cent, modulation, and it has been 
found in practice that this modulation is the most efficient for 
general marine purposes. 

Experiments have shown that while greater ranges may be 
achieved using pure C.W. and no modulation, it is extremely 
difficult to ensure communication owing to the frequency swing 
of the transmitted wave under marine conditions.. Also, it has 
been proved in practice that 100 per cent, modulation, that is, 
pure I.C.W. is not so good for short wave communication over 
long ranges and under marine conditions as the 30 per cent, 
which has been incorporated into this design. 

Type 376 transmitter is designed to operate over a wave-range 
of 16.0 metres to 40.0 metres. 
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The design is such that a continuous change of wavelength 
may be obtained within the limits given above. 

Coarse tuning over the range is achieved by switches on 
the inductance, and fine tuning by means of the main tuning 
condenser. 

Reaction is controlled by the reaction condenser. 

A theoretical diagram of the transmitter is given in fig. 475. 

The type of valve used in this transmitter is the M.T.14. 

The components of the transmitter are easily identified. They 
consist of an inductance shunted by the main tuning condenser, 
the latter being controlled by a slow-motion drive in the centre 
of the panel to the right of the door giving access to the oscillatory 
valve (fig. 476). The inductance is adjusted by knife switches. 
An aerial coupling coil capable of rotation through 180° is located 
between the two halves of the inductance. Leads from this 
coupling coil dre brought out through the aerial and earth 
insulators fitted in the top of the transmitter. 

The condenser in the bottom right corner of tlie transmitter 
controls reaction. A rheostat in the valve filament circuit is 
fitted under the door. 

A terminal board is provided on each side of the transmitter so 
that leads to battery and earth may be made as short as possible. 



Fio. 470. Type 370—kw. Short Wave Transmitter. 
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The other components in the transmitter consist of grid, anode 
and filament chokes, a non-inductively wound resistance across 
the valve filament legs and the .07 mfd. condenser across the 
H.T. input terminals. 

Two measuring instruments are supplied in the set: 

(1) Milliammeter, 0-300, for measurement of anode feed 

current. 

(2) Voltmeter, 0-25, for measurement of valve filament 

voltage. 

Fixing holes are provided in the base of the frame. 

The aerial ammeter is quite separate from the transmitter, 
and is a 0-5 hot-wire type, on stand. 

Short Wave Transmitter Type 719 

In conjunction with the medium wave transmitter and rectifier 
type 533/534, see page 375, a short v ave transmitter type 719 has 
been designed. This is provided with seven wave ranges covering 
between 18 and 72 metres. The combination is shown in fig. 477. 

The short w^avc circuit used is shown in fig. 478. It is a series 
fed simple oscillator using a type ACT6 valve. A frequency 
stabiliser is also incorporated in the circuit as a safeguard against 
frequency drift. The anode of the ACT6 valve is supplied with 



Fio, 477. Types 533, Medium Wave, and 719, Short Wave, Transmitters. 
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H. T. from the type 534 rectifier, but the supply is limited to 

I, 250 volts by a resistance in the primary circuit of the rectifier 
transformer. 

Referring to fig. 478, the tuning circuit consists of a spiral 
inductance L2 and a split stator condenser C2. The seven position 
switch S2 permits the selection of seven different wave bands. In 



Fio. 478. Wiring Diagram, Type 719 Transmitter. 


addition to selecting varying amounts of inductance from L2, S2 
short circuits parts of the spiral not in use and arranges that on the 
18, 24 and 27 metre ranges, the two halves of the split stator 
condenser are in series ; on 36, 48 and 54 metres one half only 
is in circuit and on the 72 metre range the two halves of the 
condenser are in parallel. The fixed reaction condenser C3 pro¬ 
vides adequate oscillation on all frequencies. 

The aerial circuit is coupled to L2 by another small spiral 
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inductance Ll, variable coupling between Ll and L2 being pro¬ 
vided by the aerial coupling control. Cl can be connected either 
in series or parallel with Ll by means of the two position switch 
Si. The switch normally will be in the series position for wave¬ 
lengths below 50 metres, but above this the parallel position is 
likely to give better aerial matching. 

The frequency stabiliser (FS fig. 478) referred to above consists 
of a variable condenser in an evacuated envelope, the moving 
plates of the condenser being controlled by a bi-metal strip, the 
movement of which in turn is controlled by a Tungsten filament. 
This filament is in parallel with the transmitter valve filament 
and is arranged to have a certain voltage, El, when the key of 
the transmitter is down and another voltage E2 when the key 
of the transmitter is raised. The voltage E2 is always lower than 
the voltage El. The method of varying the voltage is to employ 
a relay Zl controlled by the feed current of the transmitter itself. 
This relay automatically short circuits a portion of the resistance 
115 in series with the Tungsten filament of the stabiliser when the 
relay is operated. The action of the frequency stabiliser is as 
follows :— 

When the transmitter is not in use there is no heat in the 



Fio. 480. Diagram of Connections, Type 372 Receiver. 
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Tungsten filament of the stabiliser and the bi-metal strip takes 
up a certain position which gives the maximum capacity to the 
variable condenser. As soon as the filament of the transmitter 
valve is heated the Tungsten filament of the stabiliser assumes a 
voltage E2 and the bi-metal strip warms up and reduces the 
effective capacity of the stabiliser. When the key is depressed 
the relay increases the voltage on the filament of the stabiliser 
from E2 to El and consequently the bi-metal strip assumes a 
higher temperature and still further reduces the variable capacity 
of the stabiliser. 

An installation wiring diagram showing the connections between 
the 533/4 and 719 transmitter and 352A or 730 receiver is shown 
in fig. 479. 

Final calibration of the transmitter is accomplished by means 
of a Crystal Monitor type 595, a description of which is given in 
Chapter XXIII. 

Rectifier Type 377 

Details of this rectifier have already been given on page 466 in 
connection with the type 550 transmitter. 

Short Wave Receiver Type 372 

This receiver is designed for ordinary marine short wave 
working over a waveband of 14 to 100 metres. 

It utilizes three valves, employing a screen grid valve between 
the oscillating detector valve and the aerial, in order to decrease 
to a minimum the amount of energy radiated from the receiving 
aerial when the reception of short waves is taking place. Following 
the detector valve is one note magnifying valve, having an output 
transformer in its anode suitable for use with low resistance 
telephones. 

The receiver is arranged to work on 72 volts H.T. with a 
tapping of 48 volts for the screen grid of the screen grid valve. 

Its special features are namely, methods of wave-change by 
means of a switch, anti-induction chokes in the battery leads, 
and a double condenser in the tuned anode circuit, in order to 
decrease noises to a minimum. 

To aid reception a milliammeter is inserted in the anode of 
the detector valve, while a voltmeter across the filament of the 
valves, which are run in parallel, indicates when the filaments 
are being supplied with the correct voltage. The instrument is 
mounted on a rigid metal panel and a baseboard. All component 
parts of the instrument are rigidly attached to this panel and 
baseboard, and the whole of the receiver is housed in a strong 
metal case. 

In order to assist the changing of valves or rapid inspection, 
the top of the case is made in the form of a lid hinged at the back. 

The front,of the receiver is covered with a black bakelite panel 
on which is engraved the function of each control knob. 
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Power Supply 

The receiver is designed to work on 2-volt valves of the following 
types : 

(a) Screen grid valve, Marconi Osram type S.215; 

(b) Oscillating detector valve, Marconi Osram type H.L.210; 

(o) L.F. amplifier valve, Marconi Osram type L.210, or 

pentode valve type P.T.2. 

As will be noticed from the diagram of connections of this 
receiver (fig. 480), both the high-tension and low-tension supplies 
are taken through chokes embodied in the receiver. The resistance 
of these chokes on the low-tension cireuit is approximately 6 or 
7 ohms, and hence the fall of voltage in these chokes prevents 
the us^e of a 2-volt battery when utilizing 2-volt valves. 

To overcome this difficulty a filament rheostat has been 
incorporated in the positive side of the L.T. supply, between 
the positive L.T. supply and the valves, together with a voltmeter 
which is directly across the filaments of the valves. 

In this manner, it is possible to make use of a 4-volt or 6-volt 
battery, whichever is more suitable for lighting the filaments of 
the 2-volt valves, the filament rheostat being utilized to maintain 
the filaments of tlie valves at 2 volts as indicated by the voltmeter. 

The filament rheostat is arranged to be broken when turned 
full round to its “ off ” position, and, therefore, in order to switch 
off the set and prevent consumption of batteries it is only 
necessary to rotate the filament rheostat to the end of its travel 
in an anti-clockwise direction. 

Similar precautions to reduce induction interference, which 
may be picked up on battery leads, are taken with regard to 
the high-tension supply, and in order to make full use of this 
arrangement the negative high-tension terminal and the negative 
low-tension terminal should not be joined together externally to 
the set, unless this is unavoidable. 

In the case of the high-tension chokes, the resistance is in- 
sufficient to cause a serious drop of voltage in the high-tension 
supply, and therefore no adjustment is made in the high-tension 
voltage to counteract the effect of the chokes. 

No choke is inserted in the screen grid high-tension supply, but 
a decoupling condenser is placed across the screen grid to earth. 

Aerial Circuit 

The aerial circuit consists of a simple semi-aperiodic arrange¬ 
ment. The aerial is connected direct to the terminal marked 
AE on the receiver, from that terminal it passes through the 
series condenser and the high frequency choke to the earth 
terminal marked E. 

Across the series condenser in the aerial is placed a grid leak, 
so as to prevent an accumulation of an electrostatic potential on 
the aerial. 

In addition to this static leak, a spark gap is placed between 
the aerial terminal and the back of the earthed receiver panel. 
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This spark gap will deal adequately with sudden heavy charges 
which may accumulate on the aerial during stormy weather, 
and which otherwise might cause repeated breakdown of the 
static leak. 

The aerial side of the high frequency choke is connected directly 
to the grid of the screen grid valve. 

No tuning of the aerial is attempted, as signal strength from 
the main aerial of a ship is generally more than adequate for the 
requirements of short wave traffic, and it eliminates the necessity 
of utilizing two tuning condensers, which is a serious obstruction 
to rapid searching under marine conditions. 

Tuned Circuit 

The reception of C.W. signals on this short wave receiver is 
obtained by means of the well-known method of utilizing an 
oscillator detector valve. 

The oscillating circuit is placed in the anode of the screen 
grid valve and is connected to the grid of the detector valve by 
means of a grid condenser and a grid leak. The base of the grid 
leak is connected to a potentiometer so that smooth reaction 
may be obtained on any wavelength within the range of the 
receiver, by selecting a suitable position on the potentiometer 
for the bias of the grid leak. 

Reaction is obtained by means of a variable condenser coupled 
between the choke in the anode of the detector valve, and a 
reaction winding placed adjacent to the tuning inductance in 
the tuned circuit of the anode of the screened grid valve. 

In the anode of the detector valve is inserted a low frequency 
transformer and a milliammeter. This latter enables reaction 
to be obtained and controlled with the smoothest possible adjust¬ 
ment and is an important aid to the reception of signals in 
bad condition. 

In the anode of the screen grid valve, in addition to the tuned 
circuit, is inserted a small high frequency choke. The purpose 
of this choke is to enable very smooth reaction to be obtained. 

It has been found desirable to utilize four ranges to cover the 
waveband of 14 metres to 100 metres. The first of these covers 
a wave-range of 14 to 23 metres, the second approximately 20 
to 40 metres, the third approximately 30 to 60 metres, and the 
fourth stage approximately 50 to 100 metres. 

The difficulty of using plug-in coils is overcome by means of a 
switch on which are mounted the tuning and reaction for the 
four stages. 

Precautions have been taken with regard to the tuning con¬ 
denser to prevent the possibility of noises creeping in during the 
process of tuning owing to slight variations of contact between 
the rotor and the fixed termini to which the rotor is connected. 
To overcome this two condensers are arranged in series. The 
rotors of the two condensers, both mechanically and electrically, 
form one unit. This rotor is insulated at both ends from 
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the frame of the condenser. The two sets of fixed vanes are 
separately mounted on heavy insulation and entirely separate from 
one another. 

By utilizing this method of making the tuning condenser for 
short waves, it is possible to carry the wires from the inductance 
to two fixed points on the tuning condenser. 

L.F. Circuit 

The rectified low frequency signal obtained in the anode of the 
detector valve is transferred by means of an L.F. transformer 
to the grid of the low frequency amplifying valve. As it is 
unnecessary in telegraphic work to consider the importance of 
quality, a grid bias battery is dispensed with, and the grid of the 
low frequency output valve is biased directly on the negative 
side of the valve. 

In the anode of the L.F. amplifying valve is inserted a stepdown 
transformer, which is suitable for use in conjunction with low resis¬ 
tance telephones, having an ohmic resistance of about 120 ohms. 

It will be noticed that the telephones are not connected directly 
across the secondary of this transformer, but via a potentiometer 
to the transformer. 

The potentiometer serves as a volume control and is extremely 
useful under conditions in which fading seriously upsets the 
sensitivity of the ear of the operator. 

One side of the telephones is connected directly to earth, so 
that there is no chance of the operator obtaining shocks through 
the breakdown of a telephone transformer. 

Receiver Type 521 

This receiver (fig. 481) has been designed for reception over a 
waveband of 14-80 metres and is suitable for use on a dipole or a 
vertical aerial. 
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The circuit comprises two high frequency transformer-coupled 
screen grid stages, a detector with reaction, and two note mag¬ 
nifiers, the first resistance capacity coupled and the second 
transformer coupled. 

The circuit diagram is given in fig. 482. 

Three sets of H.F. transformers are provided to cover the 
wave-range as under : 

Range 1 .. .. . . .. .. 14-24 metres 

„ 2 .. .. *. 20-40 „ 

,, 3 .. .. .. . . .. 35—80 ,, 

Siemens Brothers Short Wave Transmitter, Types S.B.86 and 86c 

The short wave transmitter employs a Mullard SW3L valve and 
it has a wave-range of 15 to 50 metres. The circuit arrangements 
of the transmitter type 86c are shown in fig. 483 and a photograph 
of the transmitter in fig. 484. 

It is seen that a Hartley circuit is em])loyecl with a reaction 
condenser included in the lead to the valve grid, and that the 
filament and high tension voltages are obtained from separate 



Fio. 484. Siemens Brothers S.W. Transmitter, Type S.B.86c. General design. 
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D.C. machines. In the case of transmitter type S.B.86, the high 
tension voltage is obtained from a rectifier A.C. supply. The two 
photographs give front and inside views. It is seen that the front 
panel has mounted on it meters which record the filament voltage 
and the anode current, and the following controls : 

1. The filament rheostat. 

2. Aerial coupling. 

3. Wave-range switch. 

4. Tuning condenser. 

5. Reaction condenser. 

Siemens Brothers Short Wave Transmitter, Type S.B.186 

This transmitter, a view of which is given in fig. 485, is of the 
master oscillator ty}:)e with intermediate amplifying and final 
power stages, and is designed for a wave range of 16 to 60 metres 
approximately. Its circuit diagram is shown in fig. 486, and a brief 
description is as follows. 

The master oscillator circuit has a wave range of 25 to 60 
metres ; frequency doubling being used for waves below 27 metres. 
Its H.T. ))ower supply is obtained from a Westinghouse rectifier 



Fia. 485. Siemens Brothers Short Wave Transmitter, Type S.B.186. Exterior view. 
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at about 500 volts and controlled by a Stablivolt tube. The L.T. 
supply is maintained steady by means of a barretter. 

The intermediate amplifier employs an indirectly-heated 
pentode which is capacity-coupled to the master oscillator and 
its tuned anode circuit is transformer-coupled to the grid of the 
power amplifying valve. The anode circuit consists of four 
separate tuned high-frequency transformers, the latter being 
switched in according to the wave-length required. The H.T. 
supply is obtained from a Westinghouse rectifier and the bias 
from the Stablivolt tube. 
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is biased negatively from the Stablivolt. The tapped anode circuit 
is tuned by a small variable condenser and is coupled to the aerial 
via a rotatable four-turn coil. The aerial circuit consists of a 
variable condenser in series with the coupling coil. An interior 
view of the transmitter is shown in fig. 487. 



Fig. 187. Siemens Brothers Short-Wave Transmitter, 
Type S.B.186. Side interior view. 
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CHAPTER XXVII 

MARINE DIRECTION FINDERS 
The Purpose of Direction Finding 

A marine direction finder is primarily of use for taking bearings 
. of a ship’s position on wireless transmitters whose position 
IS accurately known. If two or more bearings are taken while the 
ship is moving its actual position can be worked out, and in 
this respect direction finding by wireless is analogous to simple 
mensuration. The difference lies in the fact that, although 
wireless direction finding is not as accurate as visual land work, 
it can be used over distances as great as several hundreds of miles, 
and it is not affected by fog or other weather conditions which 
reduce visibility. 

A ship can obtain a wireless bearing in one of two ways : 

(1) The direction finding receiver may be installed on the ship 
when the bearing from any known transmitter can be obtained 
directly, or (2) the transmitter can be placed on the ship and the 
direction finding receiver at the land station. In this latter case, 
the ship must ask the land station for its bearing and the land 
station must reply by means of its own transmitter. 

The first solution has the advantage of simplicity, for only 
one receiver and one transmitter are required to enable one set 
of bearings to be taken. It has the disadvantage that, in general, 
bearings are more difficult to obtain on a ship than on land. 
The second solution places the direction finding apparatus itself 
in the hands of a specialized personnel. The direction finding 
receiver, however, is in nearly all cases, in practice, installed on 
the ship and the ship obtains its true position from a series of 
triangulations of bearings on land stations whose call signs and 
positions are known, or alternatively, the position of the ship is 
fixed by taking two bearings on one wireless transmitter and 
plotting the bearings thus obtained, allowing for the run of the 
ship in the interval. 

The first of these two methods is that generally practised in 
ordinary marine work. 

The Principle of Wireless Direction Finding 

If we have two aerials at the same distance from the trans¬ 
mitter, the incoming waves will reach these aerials at exactly 
the same instant, and the aerial currents induced by the electric 
component in the waves will be in phase, so that if the aerials 
are joined together at the base there should be no difference in 
potential between them, and there will be no flow of current. 
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But suppose these two aerials are spaced from each other in 
the direction in which the waves are travelling, then the electric 
component of the waves will cause a current to be induced in 
one of them before reaching the other, there will be a difference 
in phase between the two currents and therefore a difference of 
E.M.F. and if the aerials are joined at the base, a current will flow. 

The first method employed to determine the direction of the 
received signal was based on this effect, using two separate aerials. 

The difference of potential between them can be made to 
energize a circuit which is tuned to the incoming waves (fig. 488 
(a)), and which is coupled to a receiver. Alternatively, the two 
aerials can be joined through a suitable inductance and adjustable 
condenser C, to tune to the wavelength, and the signal currents 
can be detected by coupling to a receiver (fig. 488 (b)). 

The largest current resulting from t)iis difference of phase is 
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Fio. 488. The Phase Difference of Currents in Two Aerials in Line with Transmitter used 
to indicate Direction of Signals. 


naturally produced when the two aerials A and B are | wave¬ 
length apart and in line with the direction of propagation. 

Now if we can rotate the arrangement shown in fig. 488 (b), 
we have a means of determining the direction of the transmitting 
station, as signals will be strongest when the plane through A 
and B passes through the transmitting station, and will be nil 
when this plane is at right angles to the direction of signals. 

But it is not practicable to rotate two such aerials unless they 
are short and brought fairly close together ; but if the wave¬ 
length remains unaltered, the closer they are the less the phase 
difference between the receiver currents in them, and by 
shortening them the signals are still further weakened. The 
method therefore becomes impracticable for marine working on 
the normal ship’s wavelengths, but it is mentioned here as a 
modification of this method may be employed at some future 
date for shore work, particularly for very short wave direction 
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finding, if suitable precautions are taken to prevent the horizontal 
parts of the system from picking up wave energy. 

With the wires A and B brought fairly close together as shown 
in fig. 488, the aerial arrangement may be treated as a single 

loop which is closed at the top-- 

through the capacity between \0 

A and B, and any signal currents ^ \ 

set up in it are due almost / ' \ 

entirely to the magnetic compo- 
nent in the electro-magnetic 

waves, ^ v .QQ/ *L\_QQ_y-^ 

When the plane of the aerial receiver 

is in line with the transmitting_ 

station the magnetic lines cut ^ ^ „ ,, . . , 

the aerials A and B at different An Open Tuned Loop Aer.al. 


Fig. 480. An Open Tuned Loop Aerial. 


moments and so induce E.M.F.’s in them which are out of phase, 
but when they are in a plane parallel to the wavefront the induced 
E.M.F.'s are in phase and no signal current flows between them. 

It was reasonable that the next development should be the 
joining of the two aerials at the top as shown in fig. 400 (a), 
thereby increasing the inductive loop character of the aerial 
and the effectiveness of the condenser in its base wire for adjusting 
the circuit wavelength. In practice this loop is either triangular 
as in fig, 490 (a) or rectangular as in fig. 490 (6), the difference 
in phase of the signal E.M.F.’s in the two arms being proportional 
to the mean horizontal width of the loop, while the magnetic 
field cut by the loop is proportional to the lieight. The effective 
signal E.M.F. is therefore proportional to the area of the loop. 
From this stage to the single or multi-turn frame aerial briefly 
discussed in Chapter XVII is a simple transition. 

Then if a “ loop ” or “ frame ” aerial is rotated in the electro¬ 
magnetic field set up by a transmitting station, the true direction 
of these signals will be indicated by the direction of the plane 
of the loop or frame when the signals reach maximum strength, 
and for any other position of the plane of the loop or frame the 
signal strength will be proportional to the cosine of the angle, 
which the plane of the loop or frame makes with the direction 



Fig. 490. Closed Tuned Loop Aerials. 
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of the incoming signals, giving a “ figure of eight ” polar 
diagram. 

Crossed Loop Aerials 

Let two similar aerials of this type be mounted at right angles 
to each other, then the signal current induced in each of them 
will be proportional to the cosine of the angle made between 
the direction of signals and the plane of the respective aerial, 
the magnetic field produced by each current will be directly 
proportional to it, and a resultant field will be produced in the 



Fig. 491, Marconi-Bellini-Tosi Tuned Aerial. System and General Lay-Out of 

Apparatus. 


space between the aerials, such that a search coil, symmetrically 
placed with respect to the two aerials and connected to a receiver, 
will pick up strongest signals when it is rotated so that its axis 
points along this resultant field, and the direction of signals 
therefore lies in the plane of the coil. 

The Radiogoniometer 

This method again can be improved as follows : 

Part of each aerial in the form of a coil is included in a box 
with the search coil, the two aerial or “ field ” coils being exactly 
similar and set up in planes at right angles to each other, with 
the search coil mounted so that it can rotate at their common 
centre and by means of a pointer indicate on a scale its position 
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relative to the fixed coils. This instrument is called a “ radio¬ 
goniometer.” 

As the currents which flow through the field coils are the 
same currents which are induced in the respective aerials, the 
angle indicated by the pointer, relative to one of these coils 
when the search coil is picking up strongest signals, will corre¬ 
spond to the angle between the direction of signals and the 
plane of the corresponding aerial. 

The plane, or line of reference, of course, will depend on 
circumstances. On board ship it is natural to take direction 
relative to the line ahead-astern, on land to the points of the 
compass, the aerials are erected accordingly, and the zero 
position on the radiogoniometer 
scale is given a corresponding 
meaning. 

The Marconi*«Bellini**To8i 
System 

In the original Marconi-Bellini- 
Tosi system two similar loop 
aerials—whicb may be either 
triangular or rectangular in shape 
—are mounted in vertical planes, 
at right angles to each other, 
and on a common axis sym¬ 
metrically placed with reference 
to any other aerial as indicated 
in fig. 491, and the two free ends 
of each loop are led through 
insulators into the receiving 
room and connected to the 
radiogoniometer D. 

The field coils of this instru¬ 
ment are each split at the centre 
to insert an adjustable con- Fio. 492. Marconi-Bellini-Tosi Tuned 
denser (see fig, 492) for the Aerial Radiogoniometer, 

purpose of tuning the corresponding aerial circuits to the 
wavelength of the incoming signals. 

In the case illustrated the two condensers are mounted on a 
common spindle for rapid adjustment, and an additional small 
variable condenser is therefore connected across one of them, in 
order to correct for any difference of capacity between the two 
which may exist on any part of the range. 

The aerials are adjusted to the correct wavelen^h with the 
aid of the tuning tester shown in fig. 493, and indicated at T, 
fig. 491. It consists of an inductance coil and condenser circuit 
which can be made to oscillate by means of a buzzer at a known 
wavelength, so as to excite the two aerials equally, as the four 
ends of the two loops pass through the buzzer box, one at each 
corner, on their way to the radiogoniometer. 
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The receiver, which is indicated at R (fig. 491), is connected 
to the radiogoniometer search coil, and may be any one of the 
standard types. A simple crystal detector circuit suitable for 
the purpose is shown in fig. 494. In this instance a coupling 
coil, L, is employed in the receiver of equal inductance to the 
radiogoniometer search coil, and the two are simultaneously 


tuned to the same wavelength by 
means of a common adjustable 
condenser C. 

When setting up D.F. aerials 
it is very essential that they 
should be truly balanced, there* 
fore on board ship the two loops 
of a tuned aerial system are sus¬ 
pended at their apexes by means 
of a special egg-shaped insulator 
from a triatic or other fore- 
and-aft stay, or from a sprit, gaff 
or bracket on one of the masts 
in such a way that there are no 
large metallic masses nearer to 
one than the other, and the 
ordinary aerial of the ship, as 
already mentioned, must be 
symmetrically placed with 
respect to them. 

Their horizontal base wires for 
this reason usually cross the ship 
at an angle of 45° on either side 
of its centre line, the two bottom 
corners of each triangle being 
made fast to insulators attached 
to stanchions on the ship’s side. 

Tuned and Aperiodic Aerial 
Systems 

Diagrammatic views of tuned 
and aperiodic Marconi-Bellini- 
Tosi aerial systems are shown 
in fig. 495. In the first named 
variable condensers are con- 



Fio 41)3. Marconi-Bellini-Tosi D.F. 
Timing Tester. 



nected between the split halves Simple D.F. Crystal Receiver, 

of the field coils of the radiogoniometer, and these, together with 
the actual aerials, are tuned to the frequency of the incoming 
wave. Such a simple circuit will work quite well as a direction 
finder, but the tuning of the aerial system is a very critical opera¬ 
tion, however, due to the fact that the currents in the two aerials 
must be accurately in phase. The slightest deviation from 
resonance in one of the circuits, which may be caused for instance 
by the roll of the ship, is quite sufficient completely to upset the 
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bearing taken on the radiogoniometer. This led to the develop¬ 
ment of the aperiodic system, which has now completely displaced 
the tuned Bellini-Tosi aerial system for marine purposes. 

In the aperiodic arrangement, the radiogoniometer has its 
field and search coils tightly coupled, and the whole aerial system 
is tuned by a condenser in parallel with the search coil of the 
radiogoniometer. The currents in the main aerial system are 
therefore always in phase. 

The useful wavelength range over which the D.F. can work 
is also increased, as it now depends solely on the tuning of the 
receiver which can be given a range of adjustment considerably 



Fio. 405. Tuned and Aperiodic Marconi-Bellini-Tosi Aerial Systems. 

broader than it would be possible to provide for any system of 
tuned aerials. The signal current in the closed loop is weaker 
than in the tuned loop, but as amplification can now always be 
employed to strengthen signals to the desired degree, a weak 
aerial current is no longer a disadvantage. 

The Vertical” Effect 

The radiogoniometer search coil is required to detect the 
circulating current in the loop, this current being due to the 
difference of the E.M.F.’s induced in the two limbs. The actual 
values of the E.M.F.’s concerned are of course considerably 
greater than this difference, so that in addition to this circulating 
current, the loop tends to oscillate as a whole to earth through the 
self capacity of the radiogoniometer field and search coil windings. 

If the fields produced by the radiogoniometer windings 
connected to the two limbs of the loop are equal, they cancel 
out and no E.M.F. is produced across the search coil condenser, 
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but if they are unequal an E.M.F. is produced and a signal is 
passed on to the receiver. 

The fields can be carefully balanced and this magnetic effect 
can be eliminated, but there still remains the capacity effect 
of the two field windings on the search coil windings as indicated 
in fig. 496, and if these are unequal, again a difference of E.M.F. 

is produced on the search coil con¬ 
denser and a signal is recorded. 

This capacity effect is more 
difficult to balance out as it is 
influenced by the effective capa¬ 
cities at the two ends of the 
search coil, the filament battery 
of the valve equivalent to a 
large capacity being usually con¬ 
nected to one end, and the grid 
of the valve which is an ex¬ 
tremely small capacity being 
connected to the other. 

Any sigpal which is due to 
the two limbs of the loop being 
unbalanced in the oscillation of 
Fig. 400. “Vertical” effect illustrated. thc loop as a whole to earth, 

that is when it acts as a simple 
aerial, is said to be due to the 
“ vertical ” effect, and in radio¬ 
goniometer design an endeavour 
is made to prevent the oequr- 
rence of vertical, as its existence 
distorts the polar diagram. 

For this reason the mid point 
between the aerial field coils is 
earthed, so that the capacity 
effect of these coils is limited by 
reducing their potential to zero. 
_ This is a partial cure, but an 

Fio. 497. Correction for “Veiiical” unbalanced capacity coupling 
Effect in Aperiodic Aerial D.F. may still exist, and to eliminate 

this entirely the radiogoniometer 
search coil is coupled to thc receiver amplifier through a 
“ shielded ” transformer. 

This instrument ‘has an earthed screen interposed between 
the primary winding which is connected to the search coil, and 
its secondary winding which is connected to the amplifier, and 
this effectively prevents any unbalanced capacity in the aerial 
radiogoniometer circuit from having any effect on the receiver. 

The earthing of the field coils and the shiehled transformer 
fitting, which are standard Marconi practice, are indicated 
in fig. 497. 


AERIALS 
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Aperiodic Aerial Adjustment 

The adjustment is, in the case of aperiodic aerials, reduced to 
arranging the areas of the two loops so that for the same direction 
of signals relative to each loop the aerial current induced is 
the same, and also by careful testing and elimination removing 
any mutual induction there may exist between the two loops. 

It is usual with this system to arrange the base wires so that 
they lie in directions fore and aft, and athwartships, crossing 
each other at right angles, the two bottom corners of each 
triangle being made fast by means of insulators to suitably dis¬ 
posed anchoring points. 

If the aerials had equal dimensions they would in the general 
case be very unbalanced, as the fore-and-aft aerial is much more 
likely to be affected by induction from the metal work of the ship 
than the athwartships aerial. 

The fore-and-aft aerial is, therefore, always given a smaller 
area than the other, and the two are adjusted for balance on 
some station which is known to be in a given direction on the 

E ort or starboard bow, or some known intermediate direction 
etween the planes of the two aerials. 

If the radiogoniometer then indicates a direction on its scale 
which is nearer to the plane of one aerial than it should be, the 
length of the fore-and-aft aerial must be altered until the D.F. 
reading falls within about 5 per cent, of the true direction. 

The final adjustment is then carried out on the D.F. instru¬ 
ment by turning a handle which inserts more or less choke in 
the two ends of the fore-and-aft aerial. 

It is estimated that about 1 per cent, change in apparent 
direction can be obtained for each stop moved over by the 
control handle. 


MARCONI DIRECTION FINDERS 

Of the direction finders manufactured by Marconi's Wireless 
Telegraph Co. under the type titles llA, llB, llF, and llG, only 
a modification of the type llG, the type 359 D.F., is still in 
service. In addition the type 379 T (displacing the type 379) and 
the type 579 direction finders are now in general use. 

Let us consider first the effect of an incoming signal on the input 
circuits of such a receiver as shown in fig. 498. 

Any direction finder to be of the maximum use must indicate 
not only the direction but also the sense of the incoming signal. 
If no sense adjustment were provided, even though the direction 
of the incoming signal were reversed so that it now arrived from 
an exactly opposite direction, no change of adjustment would 
be required on the radiogoniometer. It would still indicate the 
same direction. The sense indicator has been designed to remedy 
this defect and indicate which of two diametrically opposite 
directions is the true one, i.e., to remove a 180® ambiguity. 

502 



FOR WIRELESS TELEGRAPHISTS 



The incoming signals, as we have already seen, generate E.M.F.’s 
in each of the two Bellini-Tosi loops, the relative magnitude of 
these being dependent on the direction of the signal. 

If a signal of field strength E - 

volts per meter is incident on a F 

loop the E.M.F. induced in the \ ^ 

loop is given by \ 

27rEA \ 


where A is the wavelength of the 
signal and A is the area of the 
loop. This holds for a wave 
propagated in the direction of 

the loop. If the wave is arriving - 

at an angle (j> with respect to the 
line of the loop the E.M.F. will be 

27tEA , 


Direction of Wave Impinging 
Pair of B.T. Aerial. 


Hence if the wave is incident on a pair of B.T. aerials (fig. 499) 
at an angle say with respect to tlic port starboard loo]), we 
have for the voltage in this loop, 
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Eps 


27rEA 

X 


eos (f) 


and for the voltage in the fore aft loop 


2 ttE A . • 

Efa = ^ sin (p 

and these expressions give the relative magnitude of the E.M.F.’s 
in the two loops. 

In addition to these an E.M.F. whieh is independent of the 
direetion of the ineoming signal will be generated in the aerial 
system as a whole, and the magnitude of this will only depend 
on the strength of the signal E and the effective height of the 
aerial system. 

As already explained, the resultant E.M.F.’s in the two looi)s 
are transferred to the search coil by means of two ]mirs of identical 
coils in the radiogoniometer, and the search coil is connected to 
the primary of a shielded transformer, the secondary of which 
is connected to the receiver. 

Each of the two pairs of radiogoniometer coils has a connection 
made exactly at its centre to earth through a coil which acts as 
a tertiary winding of the transformer. 

Now in the primary winding we have the resultant E.M.F.’s 
produced by the currents in the two loops, and in the tertiary 
E.M.F. we have the E.M.F. set up in the four branches of the 
loops acting as a single aerial. This latter also produces currents 
in the radiogoniometer coils, but in opposite directions, so that 
they annul each other and have no effect on the search coil. The 
intensity of the currents in the primary, therefore, varies according 
to the position of the search coil whereas the current in the 
tertiary is constant. 

Now consider the effect of the currents in these two coils on 
the secondary of the transformer. Suppose the current in the 
tertiary is made equal to the maximum current obtainable in 
the primary, that is, with the search coil at the position of 
maximum signals. This is actually done in practice by inserting 
a suitable resistance in series with the tertiary. 

Then, instead of getting signals of the same strength as formerly, 
we shall get either zero signals or signals of double strength 
according to the direction of the windings of the transformer 
primary and tertiary coils. Suppose these are wound so as to 
give zero signals. If we change the direction of the incoming 
wave 180® in the loop current, while the current oscillating in the 
aerial as a whole to earth, remains unaltered. The two positions 
of the search coil which previously corresponded to zero signals 
will now correspond to half strength signals, and there will be 
only one zero position on the scale. 
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What actually happens is best illustrated by the developed 
polar diagram of fig. 500. 

If AB is the line of direction of the transmitting station, the 
relative strengths of the re¬ 
ceiver currents obtained by 
rotating the search coil to 
different positions are in¬ 
dicated by the magnitudes 
OL, OM, ON, 09 , OR, OL, 
etc., and this gives us the 
familiar figure-of-eight 
diagram. 

Superposed on this is the 
circle diagram QSQjT, repre¬ 
senting the vertical current to 
earth, which has been given 
the same magnitude as the 
maximum loop current, and 
whicli remains of the same 
value independent of the 
direction of the received 
signals. 

Now as the search coil is 
rotated through the position 
of zero current, the direction 
of the search coil current 
reverses, so that if the mag¬ 
nitudes on one side of zero in the figure-of-eight are positive, 
those on the other side are negative. The circle diagram, 
however, has the same sign in all directions. If the magnitudes of 
the superposed figure-of-eight and circle diagrams arc now added, 
we obtain the ‘‘ heart-shape ” diagram OSZTO, which gives 
maximum signal strength on the bearing of the transmitting 
station and zero at thereto. 

To take a bearing, the figure-of-eight diagram is first used, and the 
position of zero signals is determined by swinging the search coil 
with its pointer. The “ sense ” switch is then put over, and the 
sense indicator mounted on the search coil spindle at 90° to the pointer 
then indicates which of the two directions is the correct bearing. 

Type 359 D.F. Unit 

The type 359 D.F. covers a wave-range of from 185-1,600 
metres. This range is covered in three stages by the use of 
multiple high-frequency transformers for coupling the high 
frequency stages of the receiver. The six windings of each 
transformer (comprising 3 primary and 3 secondary windings) 
are arranged within a cylindrical former which is capable of 
rotation within a frame carrying the contacts to the external 
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Fio. 501. Diagram of Connections of Marconi D.F. Amplifier, Typo 359. 

Pj, Sj.—Primary and Secondary Windings of Ist H.P. Transformer, Mounte<l on Common Spindle. 
P,, S|.—Primary and Secondary Windings of 2nd H.F. Transformer, Monnte<l on ('ommon Spindle. 
P,S,.--Priniary and Secondary Windings of 3rd IT.F. Transformer, ]Mt)nnted on Common Spindle, 
with Rj the Reaction Windings. 

circuits. The three high-frequency transformers are mechani¬ 
cally coupled so that they operate together and in step. The 
windings not . in use are short-circuited by means of shorting 
strips. 

A diagram of connections of the receiver is shown in fig. 501, 
from which the manner of operation of the transformers can 
easily be seen. 

The knob controlling the wave-change is fitted on the left 
hand side of the receiver case. 

Other details in which this receiver differs from the llG 
Direction Finder are ; 

(а) The earthing relay is omitted, 

(б) A quadrantal correction device or calibrating choke, con 
sisting of a choke in parallel with the winding of the frame aerial 
that requires it, is fitted and can be adjusted by a control-knob 
in the instrument. 

(c) The sense aerial is incorporated in the frame itself and 
consists of a metal rod fixed to the loop shielding tubes at the 
top where they cross, and continued down the centre of the 
frame pedestal from which it is insulated, and this rod is 
connected to the receiver. The sense coupling arrangements are 
similar to those of the llG, the resistance of the vertical aerial 
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being adjustable by means of a flexible lead and tappings 
on the “ sense ** unit, and the sense coupling is sliding and 
easily controllable from the front of the instrument. It 

is unlikely that a fixed coupling can be found which will 

be suitable for the whole range of the instrument, and con¬ 
sequently the coupling may have to be altered for any great 

change in wavelength. 

The D.F./Sense Switch is mounted in a compartment on the 
face of the instrument, and is arranged so that it cannot be 
inadvertently left in the sense position. 

Loop resonance is avoided in the following manner : 

On ranges 1 and 2 there is no question of loop resonance 
interfering because the natural periods of the loops are much 
below the wavelengths covered by these ranges. 

On range 1, i.e. 185-300, loop resonance is avoided by the 
introduction of two balanced condensers, one into each of the 
loops, and these condensers bring the natural periods of the loops 
well above the wave-range covered in this range. 

The type 395 Direction Finder is designed to work in con¬ 
junction with either a type 354N Shielded Frame Aerial or 
a type 354NA Aerial, which resembles the 354 but has a much 
shorter pedestal. 

Direction Finder Type 379 

Two models of this instrument are made, types 379 and 379T 
the wave-ranges of these being : 

Type 379 

Range 1 .. .. .. .. 350-700 metres 

„ 2 .. .. .. .. 650-1,600 „ 

Type 379T 

Range 1 .. .. .. .. 185-300 metres 

„ 2 . 300-700 

„ 3 . 650-1,600 „ 

In each type the complete instrument comprises two main 
units : 

(1) The amplifier; 

(2) The direction finder, which includes radiogoniometer, 

search coil tuning condenser, calibration and “ sense ” circuits. 

The receivers are designed for use in conjunction with shielded 
frame aerials types 354N or 354NA. The aerial loop leads are 
connected to the goniometer terminals. One terminal is provided 
for the vertical aerial or screen connection. 
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The goniometer is positioned in tlic centre of the direction 
finding unit (fig. 502), the search coil of the goniometer being tuned 
by a .001/zF condenser for wavelengths 300 to 1,600 metres. In 
the 379T tlie search coil tuning condenser is short-circuited on 
Range 1, i.e. for wavelengths 185 to 300 metres. This short- 
circuiting is mechanically operated by the amplifier transformer 
drive in the Range 1 position. 

A key switch at the left-hand side of the D.F. unit is provided 
to adjust the search coil circuit inductance for wavelengths 
above or below 1,200 metres as required. A similar type of 
switch at the right-hand side of the D.F. unit controls the 
“ sense ” circuit. 

Coupling betw'con search coil and amplifier is fixed for all 
wavelengths, and the two units are linked by two parallel strips 
at the left-hand side of the instrument. 

The amplifier, which comprises the lower portion of the set, 
has two H.F. screen grid stages, transformer coupled, reaction 
detector and a pentode (also transformer coupled). The sensitivity 
of this combination is of a high order, and the reaction gives 
ample control over the whole range of wavelengths. 

The tuned circuits are ganged and the system employed permits 
of easy readjustment or checking when desired. 



Fio. 502. Type 379 Direction Finder. 
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On the amplifier panel are mounted two key type switehes— 
the one towards the left makes and breaks both L.T. and H.T. 
volts, and the other adjusts the detector stajjje coupling for spark 
or C.W, reception as required. The Spark/C.W. switch is operative 
on all ranges, and with the switch in C.W. position the detector 
stage coupling is minimum. 

A 6-ohm resistance is connected in series with the two H.F. 
filaments and serves to adjust the strength of signals. This 
control is on the left-hand side of the amplifier panel, and the 
reaction control is placed at the right-hand side of the panel. 



Amplifier terminals arc positioned on the front and are protected 
by cover j)lates. 

The circuit diagram of the complete D.F. type 379 is shown 
in fig. 503. 

Wave-range change is effected on the commutator principle, 
that is, the required number of transformers per stage are 
mounted on the same cylindrical former which is capable 
of rotation within a frame carrying brush contacts to which 
the circuit components arc connected. Provision is made for 
short-circuiting the grid coils adjacent to those in use during 
manipulation. 

The three H.F. transformers are mechanically coupled so that 
they operate together and in step. 

The lever controlling the wave-change mechanism is capable 
of fitting at either end of its spindle. This facilitates either 
right- or left-hand fitting, as desired. This arrangement also 
applies to the vernier tuning control. 

In the 379T model the wave-change spindle is equipped with 
five small ebonite drums, each of which is fitted with a “ U ” 
shaped shorting piece and engages a pair of contacts when tlie 
transformers are switched to Range 1. The function of tlie 
ebonite drums and their associated contacts is to:— 
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(1) Short-circuit the search coil tuning condenser; 

(2) Connect the variable loop tuning condenser to the fore- 
and-aft loop terminals ; 

(8) Connect the fixed loop tuning condenser to the athwart- 
ships loop terminals. 

As previously mentioned, these contacts make when the amplifier 
is switched to Range 1. 

The 379 model is not designed to work appreciably below 
350 metres, and therefore the above mechanism (which is 
for the avoidance of loop tuning errors) is omitted from this 
model. 

The D.F. unit (which is the upper portion of the set) contains 
the following: 

Search coil tuning condenser. 

Search coil loading inductance. 

Radiogoniometer. 

Calibration unit. 

“ Sense ” coupling coil and resistances. 

2 Key switches. 

1 Fixed loop tuning condenser ) 379T model 

1 Variable loop tuning condenser ( only. 

The screening for the set comprises three principal units : 

(1) The amplifier case. 

(2) The amplifier panel with shelf and two vertical screens 
cast en bloc in “ Alpax.” 

(8) The direction finder unit case, with which is cast the 
compartment webs. 

These models do not incorporate earthing relays or other 
protection against local transmission. A protective fuse is in¬ 
cluded in the H.T. supply to the valves. 

Calibration for quadrantal error is by inductive choke which 
is capable of insertion in either loop circuit as required. The 
change-over of the choke from one circuit to the other is made 
at a small terminal block in an accessible position. 

The “ sense ” aerial for use with this instrument is incorporated 
in the type 354 frame. This comprises a highly insulated rod 
which makes connection with the loop shrouds at their point of 
intersection. An insulated spindle is brought down to the loop 
terminal bar in the pedestal base. From this point connection is 
taken to the aerial terminal at the top of the D.F. unit. It is 
considered that with the “ sense ” circuit now employed the 
vertical pick-up by the frame structure will be ample under all 
conditions. 

The amplifier tuning is by single control. Wavelengths are 
calibrated in metres on an illuminated scale readable from 
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the front of the panel. Additionally, an indicator showing the 
wave-range in use is mechanically operated by the transformer 
drive. 

L.T. and H.T. supplies are 2 volts and 72 volts respectively; 
screen grids are fed through a drop resistance from the H.T. 
busbar within the instrument. 

Provision is made for connecting additional grid bias external 
to the set in the event of a power valve being desired in the 
last stage. 

Loop Tuning 

With aperiodic fixed loop direction finders, it is usual to ensure 
that the natural frequency of either loop circuit comprising aerial, 
connecting cables and field coil shall be outside the normal tuning 
range of the instrument. In any case it is not desirable that the 
ratio of the natural wavelength of the loop to that of the received 
wave shall fall closer than as 4 : 5 or its reciprocal. With the type 
379T instrument, however, where the working wave-range is 
from 185 to 1,600 metres, it is not practicable to keep loop resonance 
outside the tuning range. Accordingly artificial capacities are 
employed in such a manner that when working on Range 1, for 
example, loop resonance occurs on Range 2, and when either 
Ranges 2 or 3 are in use this resonance is transferred to Range 1. 
The change-over of these artificial capacities from Range 1 to 
Range 2 is mechanically effected by suitable switchgear controlled 
by the transformer drive. 

This introduces two complications which have not previously 
arisen : 

(1) When working on Range 1 loop resonance occurs above 
that of the received wave, whilst on Ranges 2 and 3 loop 
resonance occurs below that of the received wave. Accordingly, 
“ sense ” will be reversed by merely changing the wave-range. 
This difficulty, however, is overcome electrically by reversing 
.contacts which arc controlled by the key switch at the right- 
hand side of the D.F. unit. 

(2) Since artificial capacities are introduced into the aerial 
circuit on Range 1, the receptive balance between fore-and-aft 
and athwartships loops is interfered with, and therefore 
calibration will be affected. Accordingly, the athwartships 
loading capacity is fixed, the fore and aft being variable. There¬ 
fore it is necessary to first of all calibrate the instrument 6n 
Range 3, and then to compensate Range 1 by means of the 
variable condenser in order that the calibration for all ranges 
shall be identical. This compensation (or calibration) on 
Range 1 must be carried out in a mid-quadrant position, 
preferably at 45°. The variable condenser across fore and 
aft is provided with a locking screw to secure the adjustment 
when calibration is complete. 
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With regard to type 379, the following instructions must be 
observed before completion of tests. 

Buzz the athwartships loop across terminals P and S of the 
D.F. unit, set gonio pointer at 90-270, and take a resonance reading 
by suitably coupling a wavemeter to the athwartships frame. 
Multiply this wavelength by five and divide by four. This result 
gives the lowest wavelength on which the installation may be used 
for direction finder bearings and is to be noted on the search coil 
calibration card and recorded on the fitting papers. 

Re*«gaiigiiig the Receiver 

The ganging of the receiver condensers is not likely to require 
attention after first adjustments have been made at the works. 
In the event of receiver performance falling below average, suspect 
batteries and valves first, and only in cases of certainty must the 
condenser mechanism be interfered with. 

Flat tuning and irregular reaction control are the usual symptoms 
that the receiver circuits are not tuning in step. 

For the purpose of adjustment, the condenser stators may be 
advanced or retarded with respect to the moving vanes by slacking 
the appropriate pinch bolts and engaging push rods provided for 
the purpose. These rods are inserted through the bushed holes in 
the front panel of the amplifier, and register with tapped collars 
on extensions of stator spindles. It is advisable to record the 
original setting by first inserting the push rods and marking them 
with respect to the front of the panel. The pinch bolts must only 
be slackened a fraction of a turn, otherwise movement of the 
condenser spindle will allow the stators to slip, and cause difficulty 
in resetting. The push rods should also be marked for the final 
position as a check against slip whilst locking the stators. 

With regard to the operation of this amplifier, it is pointed out 
that reaction is provided primarily to enable bearings to be obtained 
on C.W., and for this purpose the appropriate switch must be put 
to the “ C.W.” position. For spark and I.C.W. work reaction 
must be used with great care. 

Marconi Direction Finder Type 579 

This direction finder (fig. 504) opei:Ates on a single range of 
wavelengths from 550-1,150 metres. It can be used with frame 
aerials types 614, 354N/32, and 354NA/32. The wiring diagram 
of the complete receiver is shown in fig. 505, and the receiver 
comprises three principal items : 

1. The radiogoniometer unit. 

2. Screened flexible lead for connecting the radiogoniometer 
unit with 

3. The receiver unit. 

The radiogoniometer is provided with the usual double-ended 
pointer with the sense indicator at right angles to the pointer 
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Fitting 

The type 579 direction finder is extremely sensitive and its 
efficiency must be safeguarded by exercising great care in position¬ 
ing the aerial system. The site should be high and clear of 
rigging, and the D.F. cables conneeting it to the receiver should 
be as short as possible, and not, in any case, exceed 60 feet. 

A typical aerial installation is shown in fig. 507. 



Fia. 005. Wiring Diagram for Receiver, Type 570. 
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A separate sense 
aerial is required in 
conjunction with 
shielded types of 
frames, 354N/32 and 
354NA/32. Thisaerial 
should be at a higher 
elevation than the 
frame and as vertical 
as possible, its length 
being about 15 feet. 

As regards the re¬ 
ceiver, the radio¬ 
goniometer should be 
placed on the left- 
hand side of the re¬ 
ceiver and the two 
connected by the 
flexible lead provided. 
The filament and H.T. 



Fro. 5()G. Radiogoniometer Unit Type 579 . (Note : 
Terminals 1 and 2 connect to similarly numbered 
Terminals on Fig. 505.) 


supplies are 2 volts and 120 volts respectively, the latter also 
providing for grid bias within the receiver. The filament load 
is 0.8 amp. and the total II.T. load is 0.023 amp. The receiver 
should be mounted on the two shock absorbers provided with the 
installation. 


Testing 

Very careful tests should be made to see that the insulation 
of the aerial system is satisfactory. Assuming that the receiver 
and radiogoniometer are working properly over the wave-range, 



Fio. 507. Installation Diagram Receiver, Type 579. 
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tests should be made for “ Direction,” “ Quadrants,” and “ Sense.” 
For the best sense definition a pre-set potentiometer may require 
adjustment. To obtain access to this potentiometer the top 
unit of the receiver should be withdrawn and the screwdriver 
slotted potentiometer spindle should be rotated with a screwdriver 
with the stub pointer of the radiogoniometer set to the “ sense ” 
position until a clear optimum is obtained. If such is not readily 
obtained the vertical aerial height may require modification. If 
the best adjustment of the potentiometer permits two positions 
of minimum close together on the radiogoniometer scale, the 
vertical aerial height must be increased, if there is only one 
minimum and it is of poor definition, the aerial height must be 
reduced. Or, alternatively, the fixed resistance R3 shown in the 
wiring diagram must be replaced by one of higher value. When 
the following tests have been satisfactorily completed and the 
vertical aerial correctly adjusted, the zero sharpening circuit 
should be adjusted as follows : 

The receiver should be carefully tuned to a constant signal, 
such as the carrier wave of a medium strength broadcasting 
station. The vertical aerial should be disconnected and the 
“ D.F. Balance ” control should be set at zero. Careful readings 
of the bearing and its reciprocal should then be taken. The 
vertical aerial should be then reconnected and with the goniometer 
pointer at one of the scale minima, it should be observed whether 
the balance control produces a signal increase when turned either 
to the right or the left. The radiogoniometer pointer should 
then be moved backwards and forwards about the position of 
minimum signal and the balance coupling slowly rotated in one 
direction or the other until the signal minimum becomes an 
absolute zero. The radiogoniometer pointer' should then be 
moved through 180° and the operation repeated but with the 
balance coupling in the opposite phase. That is to say, if the 
balance coupling in the first case was 10° to tlie right of the centre 
position it should now be approximately 10° to the left of the 
centre position. 

These readings should be compared now with those originally 
obtained and if necessary the vertical aerial should be adjusted to 
give the necessary activity without any trace of shifting 
the bearing. 

To adjust the zero sharpening component the top unit of the 
receiver should be withdrawn and the cylindrical screen removed 
by lifting. The coupling may then be altered by selecting an 
appropriate tapping point on the upper rim of the stator winding. 

Zero Sharpening 

Electro-magnetic waves from a distant transmitter whose true 
direction is sought affect not only the direction-finder aerials 
but also the ship’s hull and superstructures from which reflection 
or re-radiation occurs. 

T,he D.F. aerials therefore actually receive the main and 
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reflected wireless fields, (a) Some components of the reflected 
field are in phase with the main field with which they combine to 
form a resultant, (b) Other components of the reflected field are 
not in phase and therefore do not combine with the rAain field 
but represent the equivalent to a weak interfering field on the 
same carrier frequency as the main field but from a different 
direction. 

{a) Effect of the Hull 

Quadrantal errors result from in-phase re-radiation. When the 
directions of main and re-radiated fields are the same, bearings 
are sharply defined and without error. When the direction of 
the reflected field is opposite to that of the main field, bearings 
are still correct but less sharply defined. When the directions 
of main and reflected fields are differently related, errors in 
bearings occur. Such errors are produced in ships by reflection 
from the hull in accordance with its geometrical proportions, but 
since the D.F. aerials are normally symmetrical with respect to 
the hull, th«se errors are usually of regular quadrantal form with 
peaks at 45, 135, 225 and 315 degrees. Methods for determining 
the amplitude of such errors and processes of correction are dealt 
with elsewhere. 

(h) Effect of the Masts 

Reflected fields which are 90® out of phase with the main 
field are said to be in quadrature. These are produced by masts 
and vertical conductors which are considerably below resonance 
for the wavelength being received. Such fields interfere with 
bearing discrimination by blurring the scale region where zero 
or minimum signal should occur. This is because the blurring 
component is maximum (for any given bearing) when the true 
loop current is zero. These effects, however, only cause the 
zeros to be obscured not displaced. With shipboard installations 
quadrature effect is usually semi-circular, i.e., it is minimum for 
bearings ahead and astern and maximum on either beam. 

In the type 579 direction finder, semi-circular correction (or 
zero sharpening) is accomplished by the use of a small vertical 
aerial variably coupled into the D.F. circuits before the receiver. 
The applied correction must, of course, be in quadrature and 
therefore the vertical aerial circuit used for the purpose must be 
well below resonance—in practice it must be detuned by more 
than 30 per cent, with respect to the received wavelength. Some¬ 
times the requisite departure from resonance is ensured by placing 
a small condenser in series wdth the subsidiary aerial, but in 
practice these aerials are so restricted in length that the condenser 
IS not normally necessary. 

By suitably adjusting this vertical circuit in conjunction with 
hand variable coupling ( which must be capable of rotation equally 
on either side of zero) a correeting E.M.F. which is equal and 
opposite in phase to the blurring component can be injected into 
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the D.F. circuits, thus ensuring perfect zero discrimination 
without displacement. 


Shielded Marconi**Belliiii««To8i Frame Aerials Types 354N and 
354NA 

Both the above types of Marconi direction finders can be used 
with a shielded frame aerial such as is illustrated in figs. 508 
and 509. 

There are several turns in each of the loop windings, which are 
enclosed in heavy gauge circular rnctal tubes mounted at right 
angles to each other on a central pedestal. 

Great care is taken to space the 
turns so that they are well in- 
sulated from each other and also 
from the inner wall of their 
/ / \\ respective tubes. 

// \\ The tubes arc earthed at the 



Fig. 508., Frame Aerial Type 354NA, 

top by a metal centre rod, but they 
are not closed loops as their ends 
are insulated where they are 
clamped to the head of the 
pedestal. Any failure of insulation 
involves loss of signal strength 
and distortion of bearings. 

These frames are supplied with 
five rubber covered leads pro¬ 
jecting from, the underside of the 
pedestal. These leads are labelled 
F, A, P, S and C. Lead C is con¬ 
nected from the insulated centre 



Fig. 509. Frame Aerial Type 354N. 
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rod, F and A being the pair of leads from the smaller loop. P and S 
are the pair of leads from the larger loop. 

Dependent upon the position of the frame in respect to the D. F. 
amplifier, these leads can be run : 

1. Through a hole in the deck, in the centre of the pedestal, 
direct to the instrument where the run is short enough to permit 
of this, or to a junction box on the inside of the deck where 
the run is longer; 

2. Direct to a junction box on the side of the pedestal. 

Type 854N is provided with a larger pedestal than 354NA. 

Taking the Direction of the Transmitting Station^ using BT. 
Aerials 

When signals are received, the direction of the transmitting 
station can be determined by rotating the radiogoniometer 
handle and noting the scale position of the pointer at which 
signals in the telephone are loudest. The ear, however, can judge 
more accurately the difference in intensity of weak signals than of 
strong signals, so that the following method is to be preferred : 

The radiogoniometer handle is turned first to one side of 
the maximum, then to the other, to find the two points at which 
signals absolutely disappear. The scale position midway between 
them will give the direction of the transmitting station. 

Again, if the handle is rotated past these points it will find 
two others, one on either side of the maximum, at which signals 
reappear. 

The position midway between each pair of zero points on 
either side of the maximum should give a direction exactly 90® 
to that of the transmitting station. The mean reading given 
by all the zero points should be 
used. 

Thus, if in fig. 510 the abscissa 
represents the radiogoniometer 
scale of 360° spread out straight, 
with audibility current as ordi¬ 
nate, two maxima, M and N, 
will be found in one complete 
rotation of the handle, and four 
zero positions. A, B, C, and D. 

A, B, C, and D, being more 
sharply defined, are first deter¬ 
mined, and then used to find 
M and N. 

Causes of Error with Tuned and Aperiodic B.*«T. Aerials 

In a tuned aerial system if the signals cannot be reduced to 
zero, it indicates that the two aerial circuits are electrically 
unsymmetrical or that there is mutual induction between them. 

There is less mutual induction if the pair of leads from each 
aerial after passing tlu'ough the leading-in insulator are twisted 
together until they reach the radiogoniometer, or alternatively 
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are so disposed as to introduce a mutual inductance in opposition 
to t^hat already in the circuit. 

One of the aerials may have a greater resistance than the 
other, caused possibly by leaky insulation on one aerial only, 
or perhaps by a bad terminal connection. 

One aerial may have less inductance than the other, due to 
its dimensions being wrong or because it sags more than the 
other. The greatest care is taken in winding the radiogoniometer 
coils to ensure that they have no mutual inductance, and that they 
are in perfect inductive balance, so that on no account should 
they be disturbed ; error is not likely to be caused, either, by the 
exploring coil, unless it gets out of centre through damage 
in transit. 

There may be a difference in capaeity between the two aerial 
circuits. The sagging of one of the aerials, the close neighbour¬ 
hood to one of them of a large metallic object, or any difference 
in the capacities of the adjustable air condensers which has 
not been compensated for would account for this. 

To ensure that the aerials are set up exactly at right angles 
to each other, note the radiogoniometer scale positions of zero 
signals for each aerial separately. They should be 90° apart. 

The accuracy of the aperiodic aerial system is much less 
affected by any mutual induction which may exist between the 
aerials, and it is easier to compensate for unequal induction 
on them from the surrounding metal work. 

This can be done by introducing small choke coils or resistances 
in the aerial leads where necessary, by altering the relative areas 
and, if necessary and possible, the position of the aerials. 

It sometimes happens that the induction from mast guys or 
neighbouring steel work is much worse when signals are being 
received in a certain direction, and this may give rise to an 
error in D.F. readings which increases to a maximum at one 
point on the scale. As soon as the direction finder is installed it is, 
therefore, necessary to take check bearings of stations whose 
positions are in various known directions. On board ship signals 
from one station should be sufficient, if it is possible to swing 
the ship’s head so as to test the radiogoniometer on various 
parts of its scale. 

When searching for the silent points on the radiogoniometer 
any noise which is not due to the working signals is likely to 
introduce error. 

Induction from the sparking of dynamo brushes has been 
found to give trouble until suitable chokes had l?een inserted 
in the dynamo leads, and the machine had been totally enclosed 
and its carcass earthed. 

Similar interference traced to the high tension magneto spark 
of a petrol engine has been cured in a similar way, by inserting 
chokes in the spark plug lead, and by totally enclosing the 
magneto and its high tension lead in an earthed metal screen. 
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Accuracy of observation can only be attained if the apparatus 
is kept in good working order; the aerials should be kept taut, 
and frequent inspection is very necessary. 

Calibration of the Bellini*«Tosi Type of Direction Finders 

We have referred above to the causes of error with Bellini- 
Tosi aerial systems. In order to assist operators and others hand¬ 
ling Marconi-Bellini-Tosi direction finder sets, the following notes 
on the means of calibration may be of some help, and enable those 
required to carry out calibration to obtain a clear mental picture 
of the process. To make the matter as clear as possible it is con¬ 
sidered desirable to recapitulate briefly some of the basic principles 
concerning the method of direction finder reception as applied to 
the Bellini-Tosi aerial system. ♦ 

In the first place it is imperative that the receptive powers of 
both loops should be equal. As the receptive power of a loop 

aerial varies as to the area it 
encloses, equal areas should 
exhibit equal receptive properties 
provided conditions are normal. 

On board ship the “longitudinal 
effect’’ of the vessel assists the 
fore-and-aft loop, and as a con¬ 
sequence in order to balance the 
receptive capabilities of the two 
loop circuits, it is customary for 
the area of the fore-and-aft loop to 
be less than that of the athwart- 
ships loop. Now if all ships were 
identical in respect to size, super¬ 
structure, etc., it miglit be possible to design a set of loops of such 
dimensions that they could be put into service without the need 
of any adjustment of receiving capability. However, owing to 
differences in ships, the ratio which the area of the fore-and-aft 
loop bears to the area of the athwartships loop, and upon which the 
receptive balance depends, is variously affected by the local sur¬ 
roundings. If the loops are placed in the neighbourhood of exeessive 
ironwork, etc., the receptive ratios of the loops will be affected, 
and as no actual adjustment of the loop area is practicable in the 
modern type of frame, provision has to be made externally so that 
this ratio of loop E.M.F.’s may be balanced in accordance with 
local conditions. 

The means adopted consists of a 
choke with switch-controlled tap¬ 
pings. This choke can be placed 
across either loop circuit, and thus 
by by-passing a certain proportion 
of the reeeived current occurring in 
a loop reduces the total E.M.F. of 
that loop to a value which will 
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mean that the effective receptiveness of the two loops are 
made identical. 

Imagine two loops FA and PS, as in fig. 511, and a signal coming 
from T, the relative visual bearing of which is 40°. 

Prior to calibration the wireless bearing may be 

(1) 40°, i.e. same as visual; 

(2) Less than 40°, say 32°; 

(3) Greater than 40°, say 46°. 

Now consider case (2), i.e. the D.F. bearing is smaller than the 
visual bearing by 8°. This means that the FA loop is too active 
as the bearing is pulled towards this loop. Consequently, adjust¬ 
ment can be made by lessening the E.M.F. available on the FA 
loop by means of a calibrating choke. 

In case (3), i.e. the D.F. bearing being greater than the visual 
bearing by 6° means that the pick-up on the P and S loop is too 
strong relative to the pick-up on the F and A loop, and conse¬ 
quently the bearing appears pulled towards the P and S loop. To 
correct for this means that the effective E.M.F. available on the 
PS loop must be diminished. To do this we can insert a choke 
into the PS loop. 

In normal calibration the choke across the loops should be so 
arranged that the bearings are accurate in one quadrant. 

In the above example, calibrating in the first quadrant at 45° 
should be so arranged that the error is zero. Having completed 
this quadrant, it is then advisable to check this calibration in the 
adjacent quadrant, that is, either on the 135° point on No. 2 
quadrant or on the 315° point on No. 4 quadrant. 

Action of Choke 

It is very important that a clear mental picture of the choke 
action be understood. Let us imagine a loop as in fig. 512. 
Imagine two points A and B across the loop windings. It is 
obvious that if we short-circuit the points A and B by a heavy 
straight wire then the E.M.F. picked up in the loop windings will not 
cause any field to be formed in the gonio-coil across the points PS. 

On the other hand, if we have an infinite resistance (i.e. no 
connection) between A and B, then the whole E.M.F. picked up 
in the loop windings will tend to create the maximum field across 
the gonio-coil. 

Thus, by means of some form of parallel path across the loop 
windings, we can regulate the effective loop pick-up available in 
the gonio-coil. This is done in the Marconi-Bellini-Tosi system 
by placing a choke across the loop windings. 

It is now obvious that the smaller the number of turns in the 
choke, then the nearer we approach to a heavy thick wire across 
the loop, i.e. to a short-circuit. In other words, the smaller the 
value of the choke in turns the greater will be the short-circuiting 
effect and the smaller the field produced in the gonio-coil. 

Conversely, the greater the choke value in turns the nearer 
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we approach to an infinite resistance across the loop windings 
and the less will be the short-circuiting effect, and the greater the 
field produced in the gonio-coil. 

In the types 359 and 379 instruments the chokes are so arranged 
that with the variable arm at number 12 stud marked ‘‘ increase ” 
(fig. 513), there is a fixed minimum value of choke across the loop 
windings. This means that we have the nearest approach to a 
short-circuit across the loop windings and consequently a minimum 
E.M.F. across the gonio-coil. 

As the variable arm is placed to studs of a lower value, i.e. 11-10, 
etc., further choke windings are added, but this means the 
effective E.M.F. in the gonio-coil is increased, and the by-pass 
effect across the loop windings is decreased until on stud 1 it is a 
minimum, although the number of turns in the choke actually 
across the loop windings is a maximum. 

RADIO COMMMUNICATION COMPANY DIRECTION FINDERS 
Type RA76 and Amplifier RA77 

This direction finder consists essentially of a frame or loop 
aerial capable of rotation about a vertical axis and a highly sen¬ 
sitive receiver. The action of the apparatus depends on the 
fact that when the frame aerial is turned so that its plane coin¬ 
cides with the direction of the incident signal, this signal is a 
maximum, while it falls to a minimum when the plane of the 
frame aerial is at right angles to this direction. 

Sense indication is obtained by superimposing the same signal 
received by means of a short, non-directional aerial upon that 
received from the frame aerial. This aerial should be roughly 
20 to 25 feet long. Phase relationship of the two signals is 
such that there is now only one minimum and one maximum 
during one revolution of the frame, these occurring at right 
angles to the zeros obtained with the frame alone. 

Rotating System Type RA76 

The rotating system consists of a single winding enclosed in 
a copper tube, and mounted on, and rotated by a brass column 
which is carried on ball bearings in a self-supporting pedestal. 
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An extension of the column through the deck into the cabin 
below carries a control wheel for rotating the frame. 

Connection to the frame aerial is affected by means of two 
slip rings and two pairs of rotating brushes. The general 
assembly of the apparatus in the cabin is shown in fig. 514. 

Trae RXn Amplifier 

The unit consists of a 5-valve supCir-heterodyne receiver with 
sense fitting. The valves are of the 2-volt low consumption 
type, and comprise a detector-oscillator, two screened grid 
intermediate frequency amplifiers, one detector with reaction, 
and one note magnifier. 

The intermediate frequency of the order of 75 kc/s. and the 
circuit arrangement employed in the receiver successfully over¬ 
come any tendency towards interaction between the oscillatory 
circuits and the frame aerial. A very high degree of sensitivity 
is obtained. 

The amplifier controls consist of a tuning knob, a reaction 
adjustment for increasing the sensitivity, or for heterodyne C.W. 
reception, and a sense switch. 

The tuning knob operates two variable condensers for 
simultaneously tuning both the frame aerial and heterodyne 
oscillator. The setting of this tuning control Is indicated by 
a wavelength scale calibrated in metres, which shows through 
an opening in the panel, and is illuminated from behind by 
means of a lamp. As this lamp is switched on with the valve 
filaments, it also acts as an indicator for the latter. 

The control of reaction is obtained by means of a rheostat 
in the filament circuit of the second detector valve. This control 
serves to decrease the decrement of the preceding intermediate 
frequency circuit, giving increased sensitivity for spark, I.C.W. 
or telephone reception, while further adjustment causes the 
valve to oscillate, and permits heterodyne C.W. reception. 

The sense switch when depressed connects the sense aerial, 
as explained above, and returns to the off position when the 
pressure of the finger is removed, thus making it impossible 
to take a bearing with this switch in the wrong position. 

The battery switch disconnects both the anode and filament 
batteries, and in the off position, also short circuits the frame 
aerial winding. 

The amplifier is mounted on special rubber buffers to reduce 
microphonic interference from external noises, and is designed 
for fitting on a bulkhead. 

Procedure When Using the RA76 Direction Finder 

Disconnect main aerial from transmitter or receiver. This 
should cause lamps to light in wireless cabin and chart room. 

Switch on amplifier type RA77. 

Select station on. which it is proposed to use the D.F. Tune 
in this station carefully with the tuning control and adjust the 
signal strength by means of the reaction control. 
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Fig. 514, Radio Communication Co. D.F. Type RADF70, with Amplifier RA77. 


With the left hand depress the sense switch to the left, at the 
same time rotating the hand-wheel with the right hand. The 
direction of rotation of the hand-wheel must be in accordance 
with the direction of the arrow, that is, to the right and away 
from the operator. 

During one revolution of the frame, it will be found that there 
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is one broad flat minimum and one broad flat maximum. The 
centre of the minimum position should be judged roughly and 
the handwheel brought to rest momentarily at this position. 

Now remove the left hand from the sense switch which will 
come back automatically to its open position : at the same 
time rotate the hand-wheel in the same direction of rotation through 
approximately 90°. Owing to the fact that there are four spokes 
on the hand-wheel, this rotation through 90° is easily carried out 
by rotating the hand-wheel through the arc between two adjacent 
spokes. 

About this position a zero or sharp minimum on the station 
should be observed. The position of this zero should be care¬ 
fully found and the reading of the scale at this position is the 
D.F. bearing of the station with regard to the ship’s head. 

Maintenance 

The maintenance of this type of direction finder should be 
very simple as there is very little to go wrong. The moving 
parts of the frame mechanism should be frequently greased. 
The superheterodyne receiver should give little or no trouble. 
Under no conditions should the on-off switch be left in the on 
position when one of these intermediate frequency valves is 
withdrawn, as it is possible for the spade tag-end of these flexible 
wires to touch the metal case and so short circuit the high tension 
battery through the intermediate frequency coils. This would 
not only cause the H.T. battery to run down, but might in addition 
cause the intermediate frequency tuning coils to be burnt out. 

The correct type of valve for each position is as follows : 

{a) First valve (detector oscillator valve) should be of 
the type DEP215. 

{h) The two screened grid valves should be of the type 
S215. 

(c) The second detector valve should be of the type 
HL210. 

(d) The L.F. valve should be of the type DEL210. 

Quadrantal Error Correction 

An important feature of design is the incorporation of complete 
automatic correction of quadrantal and pointer errors. * 

As can be readily understood, the arrival of a wireless wave 
causes high-frequency currents to be induced in the metal 
structure of a ship, and these currents give rise to a high- 
frequency magnetic field. This induced magnetic field is super¬ 
imposed on the magnetic field of the wave itself, and in consequence 
of its effect on the direction finder, it alters the apparent direction 
of the distant wireless station. The effect in question is analogous 
to the change in apparent direction of the North Pole, as indicated 
by a simple magnetic compass when placed in a ship whose steel 
hull is magnetized by induction from the earth’s field. 
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The errors introduced both in the wireless (;ase and in the compass 
analogy are quadrantal, that is to say, they reach a maximum 
value every 90 degrees. The amount of the error in the case of 
a direction finder depends on the nature of the ship’^ structure, 
and on the position of the D.F. coils in relation thereto. 

In a ship having perfect electrical symmetry, the induced 
currents in the structure produce a'magnetic field in the thwart- 
ship line and the quadrantal error is zero in directions 0°, 
90°, 180° and 270° from the bow ; in many cases, how¬ 
ever, the ship’s field is distorted to some extent, so that the 
quadrantal error is zero at four other angles from the bow, 
although the angles are still separated by 90 degrees. 

In order to correct a direction finder for quadrantal error, 
therefore, we must have : 

(a) An adjustment for magnitude of ship’s field ; and 

(b) An adjustment for ship’s field alignment. 

In addition to 

the quadrantal error 
proper, a small con¬ 
stant error all round 
the scale may be 
caused by a slight 
misalignment of the 
pointer with respect 
to the frame aerial, so 
that we have also to 
provide : 

(c) An adjustment 
for the pointer align¬ 
ment. 

The present equip¬ 
ment provides a 
permanent correction 
adjustment for the 
above three types of 
6rror (a), {b) and (c), 
and the scale is there¬ 
fore direct reading. 

The device for auto¬ 
matic quadrantal error 
correction consists 
of a gear wheel mounted on a base plate, secured to the rotating 
column (fig. 515), and geared by an intermediate pinion to a toothed 
rim of twice the size on the fixed lower extension of the pedestal. 
The rotating gear wheel drives the scale plate by means of an eccen¬ 
tric pin working in a radial slot in this plate,and thus slightly ad¬ 
vances or retards the scale by the correct amount in successive 
quadrants. The amount by which the driving pin is eccentric 
in relation to the axis of the rotating gear wheel is indicated by 
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a small scale, and can be adjusted by means of a screw to correct 
quadrantal error up to a maximum of as much as 20 degrees. 
This setting is made at the time of installation and calibration. 
As will be seen from the illustration, the mechanism associated 
with the rotating frame, including the slip rings and quadrantal 
error correcting device, is completely enclosed by a removable 
cover, allowing easy inspection when required, and protecting 
the whole against dust. 

SIEMENS BROTHERS DIRECTION FINDERS 
The Siemens direction finders comprise essentially : 

(a) A rotating frame aerial. 

{b) ^A vertical aerial which is used in the determination 
of either direction or sense. 

(c) A receiver. 

The latest equipments arc illustrated in fig. 519. 

(a) Rotating Frame, Types SB75» SB85 and SB95 

The frame employed is a screened one 3' 0" in diameter—the 
difference between the two types being that the SB75 is wire 
driven while the SB85 is direct driven. The aerial consists of 14 
turns of insulated flex which are enclosed in a brass shield. To 
prevent this shield acting as a short-circuited turn and thus 

screening the winding from 
outside signals it is broken 
at the top and the two 
parts are clamped together 
through insulating material. 
The standard aerial is the 
SB85 type, the frame of 
which is secured to a 
hollow shaft which passes 
through a hole in the deck 
into the cabin below. This 
shaft moves in a bearing 
which is housed in a pedestal 
secured to the deck. The 
frame is rotated by a hand- 
wheel, and the movement of 
the hand-wheel and the 
frame are co-ordinated. The 
hand-wheel revolves in a 
bearing which is housed in a 
casting fixed to the top of a 
wooden box or to a table by 
means of three screws. 
Sockets on the hand-wheel 
drive against pins on the fork 
at the bottom of the shaft, and sufficient play is thus available to 
compensate for any lack of accurate alignment between the top of 
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the box and the deck- 
head. In this way the 
drive is made very 
light, and the frame can 
be rotated with extreme 
ease. 

The winding of the 
frame is made in two 
sections, and the four 
ends are brought througli 
the shaft to a flexible tube 
which passes through 
tlic hand-wheel to tlie 
receiver. 

SB9S Aerial 

In cases where tabic 
space is not available 
the type SB95 aerial 
has been designed. A 
photo of this type of 
aerial is given in fig. 

51(3. 

SB25 Aerial 

This aerial is som(‘- 
what lighter than the 
ones described above and \ 
is used on trawlers and 
other small vessels where 
a deck mounting i^ suit¬ 
able. A diagram of this 
aerial is shown in lig. 

517. 

(b) Vertical Aerial 

The difficulties hitherto 
experienced with small 
frames due to the ab¬ 
sorption and reflection 
effects of the ship’s 
metal work have been 
overcome by the use of 
a small vertical aerial 
which is so arranged as 
to compensate for varia- Fig. 517. Siemens Brothers Frame Aer'al, 
tions in wave front and TypeS.B. 25. 



529 






HANDBOOK OF TECHNICAL INSTRUCTION 

thus to sharpen up bearings. While ordinary rotating frame 
direction-finding sets without this compensating device may 
give an arc of swing of 20-30 degrees, depending on conditions, 
with this method the arc is reduced to under 1 degree. At the 
same time the position of the coupling coil between the frame 
and the vertical aerial employed in the compensating devices 
gives an immediate indication when “ night effect ” is present, and 
thus acts as a warning when reliable bearings are not obtainable. 



Fig. 518. Methods of Erecting Vertical Aerial for use with Type SB139 Receiver. 


The vertical aerial, see fig. 518, should, if possible, be hung in a 
vertical position and as nearly symmetrical to the axis of the 
frame as possible. It is connected to the frame at its electrical 
centre, in order that the energy it receives may be used : 

1. To compensate for any disturbing vertical effect 
present in the polar diagram of the rotating frame. 

2. To give a definite indication of the sense of the bearing, 
a suitable phasing resistance being inserted for this purpose. 

(c) Receivers, Types SB99A and SB139 

The receiver type SB99A is a nine-valve receiver, that is a seven- 
valve high-frequency amplifier with one detector valve and one 
note magnifier. If additional amplification is required, this is 
accomplished by means of a reaction condenser whieh in this 
case gives an amplification equivalent to three or four extra 
high-frequency stages, as the magnification per stage has been 
kept low in order to prevent feed-back or end-to-end reaction 
effects. This reaction is employed between the grid of the first 
and the plate of the first or second high-frequency valve. The 
design is such that capacity reaction has no effect on the bearings 
observed. For reception on continuous wave, a special oscillator 
of one valve is included in the receiver. The frame is tuned by 
means of a condenser to any wavelength from 450 to 1,050 metres, 
and all tuning condensers are made so as to be capable of very 
fine vernier adjustments. 
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The introduction of the screened grid valve in the latest 
pattern of receiver, type SB139 (fig. 520), which employs only 
four valves, two of which act as high-frequency screened grid 
amplifiers, the third as a detector, and the last as a note magnifier, 
has rendered the SB99 obsolete. For reception on continuous 
waves, the SB 139 uses reaction between the anode of the detector 
valve and the circuit of the valve immediately preceding it. This 



Fig. 510. Siemens Wireless Direction Finder. Typical arrangement of JReceiver 
Type SB139 with (a) Frame Aerial SB85 and (b) Frame Aerial SB95. 
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reaction may be freely used as the eirenits are screened to prevent 
radiation to the frame with its resultant swingin^if of bearings. 
When receiving spark signals, it is not desirable to carry the 
reaction beyond oscillation point as the characteristic note 
of the transmitter will be lost and the determination of minima 
thus made difficult. 

On strong signals the reaction can be kept at zero, but on 
weak signals the reaction condenser should be worked just off 
the oscillation point. 

The mid-point of the frame is earthed, through one of two 
coupling coils. One of these coupling coils is used for direction ” 
determination, and the other for “ sense determination. 
Sense determination is obtained by changing the phase of the 
coupling between the vertical and frame aerial; the method of 
doing this is made clear in the wiring diagram of the receiver 
(fig. 520). 

Intermediate types of receivers arc: 

SB109A which has two tuned circuits independently 
controlled. 

SB119 which has two tuned circuits, with common 
control. 

Type SB149 Direction Finder Receiver 

The receiver type SB149 is essentially designed for use on 
trawlers. Bearings can be taken on wavelengths of the order 
of 200 metres as well as on the standard commercial wave band. 
The receiver employs the usual two stages of high frequency 
amplification, detector with reaction and one stage of low 
frequency amplification, but it is designed so that it can be 
mounted below the desk or table on which the hand-wheel of 
the aerial SB85 is mounted, so as to avoid interfering with 
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Fig. r)21. ]).F. Kecciver, Type SB149. 

window space in small whcclhouses, etc. Batteries can be 
mounted in the space below the receiver, a convenience being 
a cupboard with the upper half filled with the receiver and the 
lower half with the batteries. The receiver is illustrated in 
fig. 521. 


Operation of the Wireless Direction Finder (with Receivers 
types SB139 or SB149) 

The receiver is designed to make the operations necessary 
to obtain a bearing as few and as simple as possible. This 
can be appreciated from the procedure which is outlined 
below : 

(a) Tune in to the signals of the required station by means 
of the single tuning control. 

(b) Adjust the volume and reaction controls for satisfactory 
signals. 

(c) Throw the switch (“ direction-sense ”) situated below 
the coupling control to “ Blue ” and turn the frame aerial 
by means of the hand-wheel until the loudness of the signals 
is reduced to a minimum. This position can be cheeked 
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by throwing the switch to “ Yellow ” and observing that 
the intensity of the signals is now a maximum. 

(d) Throw the switch to “ Direction,” and turn the frame 
aeriabthrough 90°, so that the “Direction” pointer points 
approximately to the position occupied by the “ Blue ” 
pointer in the previous operation. Now adjust the coupling 
control and at the same time move the frame aerial until 
the signal intensity is reduced to zero. The dial reading 
at which the signal strength is zero (after reference to 
the calibration table) indicates the bearing of the 
transmitting station relative to the ship’s head at the time 
of reading. 

Maintenance 

The set is supplied with two 2-volt accumulators for L.T. 
and two 50-volt dry batteries as H.T. and the accumulators 
should be kept well charged and used alternately. 

The valve filament current should not be left on longer than 
necessary. 

All connections should be well screwed down. 

All driving portions, i.e. base of frame and driving wheel 
should be smeared with a thin coating of vaseline. 

Steel driving wire should always be kept well coated with 
vaseline to prevent rusting. 

The screened frame winding and leads must be kept dry. 
Should they become damp, then the signals will either fade away 
entirely or become very weak. 

All external parts of the frame aerial and pedestal should be 
kept well painted. 

Calibration of the Wireless Direction Finder 

Since a direction finder is installed on a ship whose hull is 
usually of metal and which has, in addition, a number of 
electrical conductors, such as stays, rigging, etc., it is found 
that the electromagnetic waves propagated from the transmitting 
station cause currents to flow in the metal structure of the ship 
and in the various conductors with the result that these in turn 
give rise to magnetic fields. These fields combine with the 
main field from the transmitting station to form a resultant field 
which acts on the direction finding aerial. The ultimate result 
is that the plane of the aerial instead of lying at right angles 
to the direction of the transmitting station, when the bearing is 
obtained, points in a direction which is somewhat displaced 
from this by an amount which depends on the magnitude and 
direction of the field arising from the ship itself. This displace¬ 
ment is independent of the type or manufacture of direction 
finder employed and, generally speaking, it depends only on the 
ship under consideration. 
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On account of the difference between the actual bearing and 
the one recorded by the direction finder, it is necessary, in 
order to obtain satisfactory results, to make simultaneous visual 
and wireless bearings and then to draw up a calibration table. 
This calibration can usually be carried out by either of the 
following methods : 

(1) Swinging the ship within sight of a radio beacon which 
is transmitting. 

(2) Transmitting from a small tug which moves in a circle 
round the ship at a radius of about one mile. 

THE DISTANCE OF THE TRANSMITTING STATION 

To obtain the position of a transmitting station a ship requires 
to take two directional readings separated by a given time 
interval, and while steaming on an undeviated course. 

The distance travelled during this time interval, having been 
measured by log or calculated from the known speed, is then 
set down as a baseline from whieh the directional angles can 
be set off. The intersection of the lines forming these angles 
then gives the relative position of the transmitting station and 
its distance can be measured to scale. 

The method is illustrated in fig. 

522, whereArepresents the position 
of the ship when the first D.F. 
reading is taken on the trans¬ 
mitting station, C, giving a 
directional angle and B its 
second position after transmitting 
a distance, D, and obtaining an 
angle, i3. The intersection of the 
two lines forming these angles 
gives the position of C. 

If a ship requires to be given 
her position from the shore, then 
two shore D.F. stations which are a known distance apart must 
be employed for the purpose. 

In fig. 522 they could be represented by A and B, and the 
ship by C. Simultaneous readings would be taken at A and B 
of the position of C. If A is the control station then B would 
communicate its reading to A, and A would plot the two direc¬ 
tional angles on the baseline, AB, drawn on the station chart, 
to obtain the true position of C when the readings were taken. 

As the shore stations, however, have been erected and adjusted 
to measure D.F. angles with reference to the true north and 
not to the line joining them, the actual plot on a blank chart 
would appear as shown in fig. 528. 

For very accurate work either D.F. bearings should be taken 
by the ship on three stations whose positions are known, or else 
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three fixed D.F. stations should be used to take the position of 
the ship. 

MAPS FOR WIRELESS PURPOSES 

It is a matter of the greatest importance that the correct 
type of map should be employed for wireless position finding. 

Electromagnetic waves travel 
by the shortest possible route 
between two points, that is 
along straight lines over a plane 
or along great circles or meridians 
over a sphere. 

Our maps are to all intents and 
purposes planes on which the 
spherical surface of the earth is 
projected in one of several ways, 
and we must choose only those 
methods of construction which, 
in the first place, show all great 
circles as straight lines so that 
distances can be measured with 
a straight-edge, and in the 
second place give true direction 
relative to the North Pole so that an accurate bearing can be 
obtained by protractor. 

It is not possible to show latitude, longitude and true direction 
all as straight lines; in the usual projection of a terrestrial 
hemisphere, as shown in fig. 524, these three dimensions are 
indicated by curves, and on the Mercator chart (fig. 525), which 
is drawn in such a manner that all true compass courses are 
straight lines, the shortest possible routes between two points 
are usually curves. 




Fig. 524. True Direction on a Globe Projection, 
686 
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The wireless map is technically known as a “ Gnomonic 
Projection,” and is constructed by imagining an observer to 
be placed at the centre of the earth, whence he views the earth’s 
surface projected on to a plane which is tangential to the earth 
at the point or station from or to which D.F. measurements are 
required to be taken. 

Thus, let fig. 526 be the plan and elevation of a globe repre¬ 
senting the earth, and X a D.F. station which we must make 
the centre of our gnomonic projection. The tangential plane 
is shown edge-on at NXO, and as much of it as is used to 



illustrate construction in plan at EOW, the skeleton of the 
final map being shown in fig. 527. It is clear that the projec¬ 
tion of the equator from the centre of the earth must be a 
straight, horizontal line, also that the projection of the meridian 
of longitude through the D.F. station—^that is, through the 
gnomonic centre—will also be straight and normal to the equator. 

The distance, XN, in the elevation set off on this meridian 
(fig. 527) will give the position of the North Pole. 

Then the 360'’ of angle round the pole having been divided 
up into the usual number of equal parts, the dividing lines 
representing the meridians of longitude can be prolonged until 
they reach the equator, as all such meridians projected from 
the centre of the earth on to the tangential plane will appear 
as straight lines. 

The lines of latitude must next be inserted. As an example 
take the 30® parallel. In elevation this is shown by the hori¬ 
zontal line aa, and in plan by the corresponding circle a'a'. 
A projection line from the centre, Y, through the point a 

587 





HANDBOOK OF TECHNICAL INSTRUCTION 


and on to NO gives us the point A. Then NA set off along 
NO (fig. 527) will give the position of 80° latitude at longitude 0°. 

The positions of 30° latitude at longitude 60° PL and 60° W. 
may next be found. 

These two points on the plan of the globe are given by the 
intersection of the corresponding lines of longitude with the circle 
of latitude at h'h\ which correspond to the point h in the 
elevation. 

A projection line should now be taken from the centre, Y, 
through h, which will cut the tangent line, NO, at some point, B. 

NB must then be marked off along NO and lines normal to 
NO must be drawn from the point B until they cut the 60° 
lines of longitude east and west, which will thus establish two 
more points, BjEj, for the curve of 80° latitude, and so on. 

In a similar way we can 
establish the points of inter¬ 
section of the meridians 0° and 
60° E. and 60° W. with the 60° 
parallel of latitude. 

In fig. 526 the 60° parallel is 
indicated in elevation by the line 
cc, and in plan by the circle c'c'. 
A projection from the centre of 
the earth, Y, through c, on to 
the tangential plane establishes 
the point C, and NC can be 
marked off along the line of 
longitude 0° (fig. 527), to fix the 
point C of latitude 60° N. The 
intersections of the meridians 
60° E. and 60° W. with 60° 
latitude are shown at d'd' in the 
plan, which correspond to the 
point d in the elevation. A 
projection from Y, through d, 
establishes a further point, D, on 
the tangential plane, such that 
when the distance, ND, is 
marked off on the meridian 0° 
(fig. 527), and lines normal to 
this meridian are drawn from 
the point D until they meet the 
meridians 60° E. and 60° W., 
then the positions on these meridians of latitude 60° N. is thus 
established at the points DiDj. 

A map constructed in this way with Greenwich at its gnomonic 
centre is shown in fig. 528, 

This map covers a very large area, and it is clear from its 
general appearance, that, although all true directions can be 
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Fig. 527. Latitude and Longitude c n a Gnornonic Chart, 
shown on it by straight lines, to obtain true distances from it 
either a special scale is necessary or a special method of con¬ 
struction must be applied to the measured distance. It can be 
seen, however, by reference to fig. 491 that if the map only 
covers a small solid angle round the gnornonic centre the length 
of the arc on the globe is very little different from the length of 


130 140 150 160 170 100 170 100 150 140 130 



Fig, 528. A Chart with Greenwich at the Gnornonic Centre. 
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its projection on the tangential plane, and distances can then be 
scaled off direct with very little error. 

The gnomonic maps constructed by the Marconi Company, 
therefore, cover a maximum area each of 900 miles square, and 
are drawn to a scale of 25 miles to the inch. Distances to and 
from the gnomonic centre are true in all directions and the 
bearings are true. Between any other two points on the map 
the distance error does not exceed 0.1 per cent and the bearing 
error ten seconds. The entire globe has been mapped out in 
this way, and special map9 have been constructed for the more 
important stations such as Carnarvon.* 

The usual plan, however, is to supply blank gnomonic charts 
containing only the gnomonic lines of latitude and longitude. 
The positions of any points wliose latitude and longitude are 
known may be plotted on such a chart, and a straight line drawn 
from one point to another will represent to scale the exact 
distance between them. 

Direction of Distant Transmitting Station and Half'* 
convergency Angle 

The shortest distance between two places and hence the path 
followed by wireless waves on any map lies along the great circle 
]}assing through these places, (ireat circles arc curves on a 
Mercator’s projection and straight lines on a gnomonic chart. 
As most charts arc drawn on a Mercator's projection we must 
find some way to plot the direction of the transmitting station 
on the map from the direction as observed at the direction finder. 

Assume that B, fig. 529, represents the true jiosition of the 
transmitting station and A that of the receiving station on a 
Mercator map. The wireless waves will follow a great circle 

course from B to A (say 
BCA) and will appear to 
come from the direction 
AD (tlic tangent to BCA 
at A). The bearing of B 
will be given as If 
wc now from A draw a 
straight line of bearing 9 
on the map, this will ob¬ 
viously not ]:)ass through 
B, the true position of the 
station. We must there¬ 
fore draw our line at some 
angle 6/*. The correction 
9^ — 9i in this case to be added to 9, is known as the half con¬ 
vergency. 9 is known as the great circle bearing and 9 ' as the 
Rhumb line bearing. 

♦ For further information see ‘‘Wireless Direction Finding,” by R. Keen. 
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The magnitude of the half eouvergcucy angle is simply given by 
0= i (Lb — La) sin ol 
where 0 is the half eonvergency angle, 

Lb is the longitude of the transmitting station, ' 

La is the longitude of the receiving station, 
a is the middle latitude between stations. 


Whether 0 has to be added or subtracted depends on the relative 
positions of the station and also on whether it is required to 
convert Rhumb line bearing to great circle or vice versa. We 
may tabulate this as follows :— 


Middle 

Latitude, 

N 

N 

S 

S 


Transmitting 

Station. 

W of D.F. 
1 ^: 
w 
E 


To convert 
G.C. to R.L 
Subtract 
Add 
Add 

Subtract 


To convert 

R.L. to G.C. 
Add 

Subtract 

Subtract 

Add 


The Calculation of Great Circle Distances 

This involves the solution of spherical triangles, and it may 
therefore be of interest to define some of the relations whicli 
exist between the sides and angles of spherical triangles. 

A spherical triangle is the portion of a sphere bounded by three 
arcs of great circles of the sphere. If AB, BC, CA, denote 
these arcs, then the circular measures of the angles subtended 
by these ares at the centre of the sphere are termed the sides 
of the spherical triangle ABC (fig. 530 (a)). 

The angles between the portions of planes intersecting at 
A, B, C, and passing through the arcs and the centre of the 
sphere are termed the angles of the spherical triangle ABC. 

Denoting the angles of the spherical triangle ABC by A, B, C, 
and the sides by a, h, c, we have the following relations : 
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cos a — cosh cos c + sin b sin c cos A 
cos b — cos c cos a + sin c sin a cos B 
cos c = cos a cos b + sin a sin b cos C 

and the subsidiary relation 

sin A_ sin B_ sin C 

sin a sin b ~~ sin c 

which corresponds to the relation 

sin A _ sin B sin C 
a ~ b ^ c 


in the case of plane triangles. 

Now, if we take the case of two points on the earth’s surface 
A and B (fig. 530 (b)), the latitudes and longitudes of which are 
known, the angles at A and B and the distance between the two 
places along the great circle route between them may be obtained 
from the following formula. 

(a) Angles. 

tan B + A _ cos (02 — 6i)/2 x cot D/2 
^ 2 sin (02 + 0i)/2 

fan B — A _ sin (02 — 0i)/2 x cot D/2 

2 co5(02 + 0i)/2 

where B is the place of greater latitude 

D is the difference of longitude between A and B. 
and $2 are the latitudes of A and B respectively. 

From these two equations A and B can easily be found. 

(b) Distance. 

The relation ; 



sin 


® ^ 

2 2 


. B - A 


gives the value of d, the side AB of the spherical triangle. 
To obtain the distance between A and B 


d [degrees] x 111.136 = kilometres. 

X 69.057 = statute miles. 
X 60.000 = nautical miles. 
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CHAPTER XXVIII 

MARINE SOUND REPRODUCING EQUIPMENT 
General Introduction 

W ITH the advent of increased and more luxurious accom¬ 
modation on board ship has inevitably arisen a demand 
lor both music and speech to be available at specified points 
throughout the ship. The number of these points and their 
location depends on the size of the vessel and the type of 
accommodation catered for. We shall confine ourselves in this 
chapter to describing apparatus which can be used either for 
repeating the music supplied by the ship’s orchestra, for dis¬ 
tributing gramophone music throughout the ship, for picking up 
external radio programmes and relaying these to various parts of 
the ship, or, lastly, for broadcasting announcements, news or 



Fig. 531. Diagram of Marino Audio Relay Lay-Out. 


other verbal information. A schematic diagram showing the 
essential features of this type of installation is shown in fig. 531. 
This is self-explanatory. 

The equipment to be described can therefore be considered 
under the following headings : 

(a) The pick-up installation, which can be cither the 
microphone or the gramophone turn-table and associated 
pick-ups or the radio receiver. 

(b) The amplifying equipment, the type of which will, of 
course, depend on the number of points throughout the ship 
which are to be supplied, and 

(c) The loudspeakers. 
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As regards (a), the microphone used on ship installations is that 
known as a Type PM. 201. The gramophone turntable and pick¬ 
ups are mounted on the amplifier racks to be described hereafter, 
and the wireless receivers for reception of broadcast material are 
either of the 597, 712 or 713 series. 

As regards (5), the amplifier system is built up as needed out of 
standard amplifiers mounted in standard frames. These systems 
are knowi> by the generic title of 566 series. The number 
describing a particular amplifier is followed by a number giving 
the audio frequency output in watts, and finally by a suffix giving 
the type of output; thus a 566/30A amplifitr denotes an amplifier 
with an audio frequency output of 30 watts with a triode push-pull 
output. A 566/1OOB has an output of 100 watts with pentodes 
in push-pull. Pre-amplifiers are also provided for microphone 
and gramophone inputs. 

Finally, as regards (c), the loudspeaker units associated with 
this equipment are known as Type 24460D. 

General Arrangement of Apparatus in the Ship 

The distribution of the installation throughout the ship varies 
so considerably that only a general outline of the chief require¬ 
ments is possible. The amplifiers, gramo])hone turntables 
micro])hone, monitor loudspeaker and main control panels are 
usually installed in a control room and connections are taken from 
this room to the various loudspeaker points and to the microphone 
points. The radio receiver is generally })laced in the wireless 
room and connected through transformer and line to the amplifiers 
in the control room. Announcements can be made from the 
microphone in the control room or from any of the microphone 
points throughout the ship. Louds]:)eakcr ])oints are provided 
throughout the ship. Some of these will be ])ermanently connected 
to loudspeakers, others will terminate in plugs to which loud¬ 
speakers can be connected when necessary. 

Typical installations, A and B, for passenger liners are shown in 
figs. 532 and 535. These show clearly the v^arious inputs to the 
amplifier racks and the way the loudspeakers arc grouped in 
the ship. 

In the case of installation A, fig. 532, the amplifier consists of 
a Type 566/lOOB, see figs. 533 and 534, with circuit arrangements 
for emergency announcements by the commander of the vessel. 
Ten permanent microphone positions are arranged including the 
Captain's microphone and the microphone in the Control Room. 

The outputs from the four power amplifiers of the rack are 
wired to 17 loudspeaker groups, the allocations of which are 
given in fig. 532. The number of loudspeaker units in each groud 
depends, of course, on the space to be covered, thus in the Grand 
Hall and First-class Dining Saloon six units are installed ; in the 
case of the Second Class Dining Saloon four units are installed, 
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Fig. 532. Sound Reproducing Installation “ A. 
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the total number of loudspeakers being served amounting in all 
to 55. 

The loudspeaker system consists of four distinct networks, one 
network in this case being reserved for orders only issued through 
the Captain’s microphone situated in the Chart Room. The 
other networks are primarily for entertainment purposes, and can 


Fig. 533. Power Amplifier equipment for R.M.S. “ Andes,” Type 566/100 B, Front view. 
Installation “ A.” 
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Fig. 534, Power Amplifier equipment for ll.M.S. “ Ande.s,’* Type 5GG/100 B. Back view 

Installation “ A.” 
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Fig. 536. Power AmplifioT Equipment for R.M.S. “ Mauretania,” Type 566/80A. 

Front view. Installation “ B.” 

if necessary, be switched over to the Captain’s microphone. The 
power control panel controls the input power from the motor 
alternator supplying the amplifier racks. The amplifier racks 
themselves, the loudspeaker selector panels, the microphone 
selector panels and the gramophone pickups and turntables are 
all mounted in a rack assembly situated in a special Amplifier 
Room. 

In the case of installation B, fig. 685, this consists of an amplifier 
Type 566/80A, serving seven loudspeaker lines with a total of 
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W7. rower Amplifier equipment for K.M.S. “ Mauretania,” Type 500/80 A. Back 
view. Installation “ B.” 
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49 loud-speakers, and accepting inputs either from 5 microphone 
points situated as shown in the figure, or from a Marconi broadcast 
receiver or from a gramophone pick-up. Here again the amplifier 
and controls are situated in the amplifier room and the broadcast 
receiver in the W/T room. 

Although in installations of this kind each case has to be treated 
according to its requirements, the general scheme of sound 
reproducing e(iuipment on board ship follows that shown in the 
schematic diagram, fig. 538. The gramophone input is taken 
through a pre-amplifier to the input and relay panel. The 



r)38. Sound input and rolay panel output controls. 


microphone input is selected by the microphone switchboard and 
l^assed through a pre-amplifier to the input and relay panel, and 
the radio input })asses direct without pre-amplification to this 
panel. The function of the input and relay panel is (a) to select 
the required input for each of the amplifiers and associated loud¬ 
speaker systems (in this case four) and (b) to enable the captain 
to control at will the inputs by means of relays and to issue 
orders by microphone. 

Loudspeakers 

The loudspeaker associated with these equipments is the unit 
type 244C0D. This is an elliptical cone and is reasonably free 
from objectionable resonances. In fitting these loudspeakers into 
public rooms, the general practice is to consult the architects 
concerned and, where possible, to strike a compromise between 
the acoustic and the architectural demands of the spaces in which 
these loudspeakers are to be fitted. Generally speaking, the 
practice is to instal as many loudspeakers, in a given space, as 
possible. This gives good distribution and, by keeping a reason¬ 
ably large number of speakers at a low level, objectionable echo 
effects are greatly minimised. 
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In addition to fitting into actual architectural schemes, these 
loudspeakers are supplied in cabinets for use on decks and other 
spaces where a portable loudspeaker is desirable. 

A drawing of the unit is shown in fig. 539. 

The standard unit possesses a speech coil impedance of 5 ohms 
at 400-. The matching transformer for this unit is Marconiphone 
Type 268A and a list of loudspeaker connections and transformer 
ratios is given below. 

USE TERMINAL NUMBERS as follows : Transformer 


Number of 

Primary. 

Secondary. 

Ratio. 

Speakers. 

{line.) 

{Speech coil) 

Ttjpe T2GS/. 

2-4 

6 and 7 

2 and 3 

5.7 to 1. 

5-7 

5 and 7 

1 and 3 

8 to 1. 

8-10 

4 and 5 

2 and 3 

10.6 to 1. 

11-18 

4 and 6 . 

1 and 3 

11.2 to 1. 

14-16 

5 and 6 

1 and 2 

12 to 1. 

17-20 

5 and 7 

2 and 3 

14.2 to 1. 

21-23 

4 and 5 

1 and 2 

15 to 1. 

24-30 

4 and 7 

1 and 2 

17.5 to 1. 
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Microphones 

The microphones used are Type PM. 201. These are moving 
coil instruments employing permanent magnets. The moving 
coil type of microphone 
is employed in order to 
avoid the necessity for a 
polarising current and 
thereby simplifying 
switching arrangements. 

The microphones are 
installed at various 
points, as demanded by 
the particular require¬ 
ments of the ship in which 
the equipment is in¬ 
stalled. They have a low 
impedance and, if the 

microphone lines consist of ordinary circular twin lead sheathed 
cables and the sheaths arc bonded to earth, no interference from 
other electrical equipment is experienced. 

These microphones are directional and, for this reason, are 
particularly suitable for the reproduction of speech. Where 
orchestral music is to be reproduced, two or more microphones 
are employed, depending upon the size of the orchestra. The 
polar curve and response curve of the microphone are shown in 
figs. 540 and 541 respectively. 



Fio. 510, Acoustic polar curve for moving coil 
inicroplume Type P.M. 201. 
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Fig. 541. llesponso curve for moving coil microphone Type P.M. 201. 


The lines from the microphones are brought to the microphone 
line switchboard and thence to the microphone amplifier, a circuit 
diagram of which is shown in fig. 542. This is a simple two-valve 
amplifier with alternative outputs to the power amplifier system 
or the broadcast transmitter in cases where this service is needed. 

551 








HANDBOOK OF TECHNICAL INSTRUCTION 



Gramophone Reproducing Equipment 

The gramophone piek-ups used are of the magnetic type and 
are mounted together with choir turntables on the front of the' 
amplifier rack. On the top of the playing desk are mounted 
the two turntables, two pick-ups, the pick-up selector switch, the 
on/off switches for the inductor type motors, the speed regulator, 
the pick-up level adjustor, and an on/off switch for the microphone 
amplifier. On the front of the desk are mounted the radio input 
level adjustor, the monitor loudspeaker and a selector switch, 
which enables the monitor loudspeaker to be switched into any 
of the power amplifiers. 

A circuit diagram of connections- between pick-ups and input 
of the pick-up amplifier is shown in fig. 543. 

A tone corrector is included between the pick-up and the pick-up 
pre-amplifier in order to compensate for the bass deficiencies of 



Fi(} 543. Connection diagram, gramophone pick-up to pick-up amplifier. 
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Fig. 544. Circuit diagram of Gramophono Amplifier Typo P.A. 134. 


gramophone records. The pre-amplifier for the pick-up is a Type 
PA. 131. A wiring diagram is shown in fig. 541. It consists of 
a single triodc valve together with a valve rectifier for supplying 
power. The presence of this amplifier is partly to magnify the 
input to the power -amplifiers and partly on account of the fact 
that the tone corrector only functions satisfactorily when working 
into a high impedance. 

Broadcast Receivers 

The Marconi Broadcast receivers for the reception of wireless 
programmes and news arc cither of the 597 or 712 or 713 type. A 
full descrijition of these is given below. In certain very small 
installations these receivers can be used without any power 
amplifying system to sujiply one or two loudspeakers direct, but 
where this is done no multiple channel working can be arranged. 

The Broadcast Receiver is usually situated in the Wireless 
Telegraph Room. 

Receivers Type 712 and 713 

These receivers employ superheterodyne circuits and cover a 
wave-band of from 10.7 to 3,000 metres in six ranges as below:—- 


(a) 10.7 to 21..5 

metres 

(28,037 to 13,954 

k/cs) 

(b) 19 „ 37 


(15,789 „ 

8,108 

) 

(c) 30 „ 56 

>> 

(10,000 „ 

5,357 

») 

(d) 118 „ 300 

9 > 

( 2,542 „ 

1,000 

„) 

(c) 300 „ 750 

99 

( 1,000 „ 

400 

..) 

(f) 1,200 „ 3,000 

99 

( 250 „ 

100 

») 


The instruments are identical with the exception that the Type 712 
is made for operation from 110 v. D.C. mains, and the Type 713 
from 220 v. D.C. mains. 
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The complete assembly is mounted on two chassis, the lower 
chassis “ A ” comprising the receiver circuits up to and including 
the first audio frequency amplifying stage, and the u})per chassis 
“ B ” comprising the output stage and mains smoothing equip¬ 
ment. 

The wiring diagrams for the upper and lower chassis of this 
receiver is shown in fig. 545, 546 and 547. 



Fia. 546 Triode output for Type 712 and 713 Heceiver. Chassis B. 


The valves used in chassis “ A ” fig. 545, are as follows :— 
Type of Valve, Duty, 

V.l KTW.61 H.F. amplifier. 

V.2 X.65 Frequency Changer. 

V.3 KTW.63 First I.F. amplifier. 

V.4 KTW.63 Second I.F. amplifier. 

V.5 I).63 First diode as A.F. detector, second 

diode as A.V.C. 

V.6 L.63 Beat Note Oscillator. 

V.7 L.63 First A.F. amplifier. 

Chassis “ B ” of the receiver is made for various output con¬ 
ditions, these being indicated by suffixes to the main receiver 
number, as follows :— 
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Flo. 545. Wiring diagram. Type 712 and 713 Receiver. Chassis A. 
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Receiver Type : Output Valves, 

712/3/5 and 712/3/50 Two KT32 in push-pull. 

712/7/5 and 712/7/50 Four KT32 in push-pull parallel. 

713/10/5 and 713/10/50 Two KT33C in push-pull. 

713/20/5 and 713/20/50 Four KT33C in push-pull parallel. 
712/600 and 713/600 Two L63 in push-pull. 

Fig. 546 shows the chassis “ B ” circuits in the case of triode 
output to a 600-ohm line, and hg. 547 a tetrode output. 



Fig. 547. Tetrode output for Type 712 and 713 Receiver. Chassis B. 


Tuning is accomplished by means of a six-waveband selector 
switch and the main tuning control. The latter drives the main 
tuning and oscillating condensers through a reduction gear. The 
large dial is calibrated in metres on the upper half, the lower half 
being marked off in degrees. 

A band-spread control operates three low-capacity condensers 
and provides a vernier adjustment for fine tuning on short waves. 
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All receivers Type 712 are constructed in the same manner, but 
very small modifications have been made in the Receiver Type 713, 
Serial Number 10 onwards. The description given hereafter 
refers, therefore, to all 712 types receiver and to 713 type receiver 
Serial No. 10 onwards. 

Aerial and Circuit Arrangements 

The aerial is coupled to the receiver through a high-frequency 
feeder thus allowing the receiver to be placed independent of the 
aerial position. A 6-way switch Si selects the appropriate 
primary of the H.F. transformer. The secondary of the trans¬ 
former is tuned by a double-section condenser and a separate 
band spread condenser. The grid of the H.F. amplifier valve 
Vl and of the tuning condensers are connected to the appropriate 
secondary coil by means of switch S3. 

The H.F. amplifying stage is connected to the input of the mixer 
valve V2 by separate H.F. transformers for each wave band ; 
the primaries are selected by a switch Si, and switches S5 and 
S.6 switch the tuning condensers and the input grid of V2 to the 
appropriate grid coil. The condenser arrangement here is similar 
to that in the H.F. amplifier stage. 

The oscillator section of the mixer valve is of the tuned anode 
type, H.F. being parallel fed through a resistance in the case of 
the type 713, and an H.F. choke in type 712. The tuned circuit is 
coupled to the anode of the oscillator through a condenser. 
Switches S7 and S8 connect the coupling condenser and the 
tuning condensers to the appropriate coil. Reaction is obtained 
by connecting the grid of the ostallator section through a grid 
condenser and switch S9 to separate reaction coils coupled to the 
tuning coils. Two stages of intermediate frequency amplification 
are used, the intermediate frequency valves being shown as V3 
and V4 in fig. 545, and a frequency of 343 k/cs per second is 
employed. The anode associate mixer valve is coupled to the 
grid of V3 by an intermediate frequency transformer having both 
primary and secondary tuned by a preset condenser. A second 
I.F. transformer couples the anode of V3 to the grid of the second 
similar I.F. amplifying valve V4. The anode of V4 is coupled 
to the signal diode of V5, the signal detector and A.V.C. valve, 
by means of a transformer. The anode of V4 is also coupled by 
means of a condenser to the A.V.C. diode of V5 and the voltage 
thereby developed across the A.V.C. resistance is fed to the 
preceding circuits. The other end of the secondary of the coupling 
transformer is connected to the signal rectifying circuit. From 
this point a C.W. signal is injected to beat with the intermediate 
frequency and is generated by V6 and its associated circuit. 
This circuit is brought into operation by Sl3 ; the signal is 
injected into the signal rectifying circuits through a condenser. 
The audio signal is taken from a potentiometer which is used as 
an audio frequency volume control to the grid of the first audio 
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frequency amplifier V7 through a condenser. The amplified 
audio frequency signal is passed from the anode of V7 to a push- 
pull transformer on the “ B ” chassis, the output of which feeds 
the grids of the output valves. These vary according to the type 
of the receiver, as snown on page 551. Either two or four tetrodes 
can be employed in push-pull or parallel push-pull, or two triodes 
in push-pull. In all cases the output circuits are similar and the 
anodes of the output valves are connected to the output circuits 
through an output transformer. 

Also in this chassis are provided chokes and condensers for D.C. 
mains smoothing. 

Receiver Type 597 

This Receiver is designed as a highly sensitive equipment for 
specialised broadcast reception. The controls have been reduced 
to a minimum as an aid to unskilled operation. As the Receiver 
incorporates a Beat Note Oscillator with a variable note control, 
it may be utilised for emergency telegraph operation. 

The Receiver, which is of the supersonic heterodyne type, is 
designed for working off D.C. supplies and covers the following 
waveranges :— 


(1) 

10.7 — 21.5 

metres. 

(2) 

19 — 37 

>> 

(8) 

30 — 56 

>> 

(4) 

118 —300 


(5) 

300 — 750 

>> 

(6) 

1,200—3,000 

99 


The ranges are selected by means of a six-position switch. A 
front view of the receiver is shown in fig. .548, and a photograph in 
fig. 549. 

Tuning is carried out by means of the waverange selector switch 
and a large dial, the latter driving the main tuning and oscillator 
condenser through a 6 : 1 reduction gear. 

The dial is calibrated in meters on one half and the other half is 
marked off in degrees so that degree notation may be employed 
where this is preferred. 

The waverange switch is also marked in metres. 

A vernier tuning dial marked “ Band Spread ”, situated to the 
right of the main tuning dial, provides fine adjustments on the 
short wavebands. The normal setting of this dial is at “ O ” as 
it is at this setting that the main tuning dial is calibrated. 

At the left of the main tuning dial are situated a switch marked 
“ Tune/Line ”, a jack marked Phone Check ” and an “ On/off ” 
mains switch. 

At the bottom of the Receiver are four controls. Reading from 
left to right these are ;— 

1. Beat Note Oscillator, 

2. Volume—Audio frequency, 

3. Volume—H.F., 

4. Waverange switch. 
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Fig. 548. Front of panel. Type 597 Receiver. 
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Fig. 549. View of Marine Broadcast Receiver, Type 697. 

The first Oscillator, producing the intermediate frequency 
(343 kc/s) is controlled by the main tuning dial and follows all 
adjustments throughout the entire tuning range. 

The Receiver is arranged for a high frequency feeder input, 
thus enabling the instrument to be placed almost anywhere m a 
ship, independent of the position of the aerial, thus permitting the 
best position to be used for both Receiver and Aerial. 

The receiver is connected directly to a suitable D.C. supply and 
filtering circuits for this supply are embodied in the receiver^ At 
the left hand side of the receiver is mounted a removable fuseholder 
and fuse, which protects the receiver from mains overload. 

Circuit Arrangements 

A circuit diagram is given in fig. 550, 

The aerial input is connected to the receiver by a socket situated 
on the right hand side of the instrument, which provides facilities 
not only for terminating the aerial but also for ensuring the 
continuity of any screening wire forming part of the aerial con¬ 
nections. Inside the instrument an aerial transformer is coupled 
via condenser C.2 to a Selector Switch (Si) which selects the 
necessary primary of the H.F. transformer for the waverange 
required. 

The (1) (2) and (3) range transformers are air cored and the 
remainder have iron dust cores. 

Automatic volume control bias is supplied through the 
secondaries of the H.F. transformers ; the condensers C8, C4 
and the resistance R.l serve as decoupling arrangements. The 
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switch (S8) is connected to the grid circuit of Vl (KTW61). On 
ranges (4), (5) and (6), S2 is active in switching the condenser C5 
in parallel with condensers C6 and C7. Condenser C6 is for the 
puiraose of band spread-tuning. 

The plate of Valve Vl is switched into the second H.F. 
transformer by S4, the plate circuit being decoupled by a resist¬ 
ance and condensers. The secondaries of the transformer are 
switched by S6 into the signal grid of valve V2 (X65). Switch 
S5 is operative on waveranges (4), (5) and (6) and switches 
condenser C12 in parallel with condensers Cl4 and the band 
spread condenser Cl 8. 

In receivers No. 1 to 15 the grid of the oscillator section of 
valve V2 is connected through the condenser Cl7 by Selector 
Switch S7 to the oscillator grid coils, and is tuned by the condenser 
C18 and the band-spread condenser Cl9. Switch S8 places 
condenser C20 in parallel with condensers Cl8 and Cl9 on ranges 
(4), (5) and (6). 

In receivers No. 16 and onward (to which series fig. 550 refers) 
the anode of the oscillator is fed from R9 and switched via Cl 9 
and S7 to the oscillator tuning coils L25 to L30. The coils are 
tuned by C20 and C21. On ranges (4), (5) and (6) C22 is switched 
in parallel with C20 and C21 by S8. 

In receivers Nos. 1 to 15 the reaction coils on all wavebands are 
selected by switch S9 and connected into the plate of the oscillator. 

In receivers No. 16 and onwards the reaction coils on all wave¬ 
bands are selected by S9 and connected to the grid of oscillator 
via C18. 

The plate of the mixer section of valve V2 is connected into the 
primary of the first I.F. transformer T2 (848 kc/s), which utilises 
iron dust core coils. 

A preset condenser is connected across both the primary and 
secondary windings. 

The secondary of the I.F. transformer T2 is fed into the grid of 
V8 (KTW61). The plate of V8 is fed into the primary of the 
second I.F. transformer (T8). The secondary of T8 is fed into 
the signal diode plate of the valve V4 (D.68) which acts as the 
second detector, audio frequency being taken from the junction of 
R22 and R28 via C35 and the audio frequency volume control 
R24 to the grid of the valve V6 (L68). Automatic volume control 
is provided by the second diode plate of the valve V4, the voltage 
being taken via C82 from the plate of valve V8, the load resistance 
being Rl9. A.V.C. delay is governed by the resistances R20 and 
R21. The plate of valve V6 (L68) is fed into the primary of the 
phase changer transformer T4 by way of R25 and C48. 

The secondary of transformer T4 is centre tapped and feeds 
the grids of valves V7 and V8. The plates of these latter valves 
are push-pull fed into the output transformer T5, the secondary 
of which provides speech coil or line impedances. 

The chokes Ch.l, Ch.2 and condensers C48, C47 and C44 provide 
H.T. smoothing. The beat note oscillator V5 (L68) beats into 
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Fig. 550. Diagram of Comiections. Type 597 Receiver* 
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the secondary of the second 
I.F. transformer T8 being 
coupled by condenser C38. 

This oscillator is brought 
into operation by switch 
Si4 and the note is tune¬ 
able by C40, which is 
varied by continuing to 
rotate S14. This is only 
to be used for the recep¬ 
tion of C.W. morse signals. 

This switch must be off 
for the reception of tele¬ 
phony and broadcast. 

All valve heaters are in 
series and their current is 
controlled by a barretter 
in the case of 220 volts 
supply, and in the case of 
110 volts supply by R39. 

In the case of a triode 
valve output and 110 volts 
mains suppy, a barretter 
is used. 

In certain cases where 
the output is to be fed into 
amplifiers the tetrodes are 
replaced by output triodes, 
and the output made to 
present an impedance of 
600 ohms when looking 
into the receiver. A dia¬ 
gram of connections for 
the output stage in this 
case is shown in fig. 551. 

The Receiver is available for supplies of 110 or 220 volts D.C. 
and outputs for various specific needs, a list of which is given below. 

Valves and Type Number Variations 

597/110/A5. 

Suitable for 110 volts D.C. supply, one loudspeaker 
adjacent, output push-pull tetrode working into 
5 ohms. 


H.F. 

One Valve KTW61. 

1st. Det. and Osc. and Mixer. 

One 

„ X65 

I.F. 

One 

„ KTW61 

2nd Det. and A.V.C. 

One 

„ D63 

1st L.F. 

One 

„ L68 

Output in push-pull 

Two 

„ KT82 

Beat Note Oscillator 

One 

,, L63 
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Fig. 562. Sound Reproducing Equipment. 
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Installation G. 
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597/220/A5. 

Suitable for 220 v. D.C. supply, one loudspeaker 
adjacent, output push-pull tetrode working into 
5 ohms. 


597/110/A50 


597/220/A50. 


597/110/B. 


H.F. 

One Valve KTW61 

1st. Det. and Osc. and Mixer. 

One 

)) 

X65 

I.F. 

One 

)) 

KTW61 

2nd Det. and A.V.C. 

One 

>> 

D68 

1st L.F. 

One 

>> 

L63 

Output in push-pull 

Two 


KT33 

Beat Note Oscillator 

One 


L63 

Barretter 

One type 

1941 


Suitable for 110 v. D.C. supply, distant loudspeaker, 
output push-pull tetrode working into 50 ohms. 
Valves as for 597/110/A5. 

Suitable for 220 v. D.C. supply, distant loudspeaker, 
output push-pull tetrode working into 50 ohms. 
Valves as for 597/220/A5. 

Suitable for 110 v. D.C. supply, for feeding into 
amplifiers : output triode push-pull working into 
600 ohms. 


597/220/B. 


H.F. 

One Valve KTW61 

1st Det. and Osc. and Mixer. 

One 

99 

X65 

I.F. 

One 

99 

KTW61 

2nd Det. and A.V.C. 

One 

99 

D63 

1st L.F. 

One 

99 

L63 

Output in push-pull 

Two 

99 

L68 

Beat Note Oscillator 

One 

99 

L68 

Barretter 

One type 

HOB 


Suitable for 220 v. D.C. supply, for feeding into 
amplifier: output triode push-pull working into 
600 ohms. 


H.F. 

One Valve KTWei 

1st Det. and Osc. and Mixer. 

One 

>> 

X65 

I.F. 

One 

99 

KTW61 

2nd. Det. and A.V.C. 

One 

99 

D68 

1st L.F. 

One 

99 

L68 

Output in push-pull 

Two 

99 

L63 

Beat Note Oscillator 

One 

99 

L68 

Barretter 

One type 

1941 


Power Amplifier Equipment 

As has already been stated on page 540, the power amnlifier 
equipment is built up to suit the particular purpose for which it is 
required out of standard amplifiers mounted in a rack which also 
contains the microphone amplifier, pick-up amplifier, gramophone 
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FlO. 663. Circuit diagram of Power Amplifier. Type P..4.128. 
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Fio. 554. Circuit diagram of Power Amplifier. Type P.A. 129. 
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turntable and playing equipment, selector and switching 
panels and the monitor loudspeaker. A schematic diagram of the 
front and side of such a rack assembly is shown in installation C, 
fig. 552. This corresponds, in fact, to the sound reproducing 
equipment installation A, illustrated in fig. 532. In this particular 
equipment four power amplifiers mounted at the base of the rack 
are used. The power amplifiers themselves are either of Type 
PA.128 or PA.129. Circuit diagrams of these are shown in figs. 
553 and 554. They each contain their own power supply unit 
and four valves, two of which act as output valves and are in 
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Fig. 555. Overall response taken with non-inductive load of 50f2. Type P. 128. j 


push-pull. The amplifier Type PA.128 utilises triodes and the 
amplifier type PA.129 tetrodes in its circuit. Each consists of 
two resistance-coupled stages working into a push-pull output 
stage with negative feed back in the case of the tetrodes. The 
audio frequency output of these amplifiers is sensibly level at 
25 watts in the case of the PA.129 and 10 watts for the PA.128 
between 40 and 10,000 c.p.s., the actual response covered being 
shown in fig. 555. 

Power Amplifier Assembly Type 566/25B 

As will be seen from its type title, this assembly caters for an 
output of 25 watts and utilises pentodes in push-pull in the output 
stage. It contains one power amplifier type PA.129. A front 
schematic view of the rack is shown in fig. 556. At the bottom 
is the mains panel which receives the D.C. supply, converts it 
into A.C. and supplies all voltages for the loudspeakers and 
amplifiers. The sedbnd panel from the bottom consists of a 
power amplifier type PA.129, a description of which has been 
given above. Above this is the microphone amplifier which, in 
this case, incorporates the input selector switch. The various 
microphone lines proceed to this selector switch through the 
microphone line switch board; at this point, therefore, the 
selection between radio input, gramophone input or microphone 
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input is effected. The whole scheme will be very simply seen on 
reference to fig. 557. 

Power Amplifier Assembly Type 566/80A 

From its designation this provides for an output of 80 watts 
with triodes in push-pull in the output stage. A photograph of 
the amplifier rack is shown in fig. 536, installation B. It incor¬ 
porates 8 power amplifiers type PA. 128, the microphone and 



Fio. 556. Front and Side elevationa of Types P.A. 566/25 fi. equipment. 
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pick-up amplifier, input and loudspeaker switching, gramophone 
playing equipment and the monitor loudspeaker. 

Power Amplifier Assembly Type 566/lOOBE 

This equipment provides for 100 watts output, with pentodes 
in push-pull, and is fitted with additional circuit arrangements 
for emergency announcements by the Commander. This is the 



Fio. 557. Schematic diagram P.A. 566/25 B. equipment. 
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amplifier assembly shown in fig. 533, installation A in which the 
functions of the various panels are clearly shown, and described 
in pages 544-547. 

A rear view of the installation is shown in Fig. 534. Referring 
to this illustration the four 25-watt power amplifiers will be seen 
in the four bottom compartments. Above these are shown the 
gramophone amplifiers. On the right hand panel (looking from 
the back of the set) is then shown the radio input panel and 
input selector panel, and on top of this the microphone amplifier. 
On the left hand panel (reading upwards) is a spare position for 
an extra power amplifier and finally, the output line switching 
panels. 
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CHAPTER XXIX 

DISTRESS CALL APPARATUS 
General Requirements 

S PECIAL apparatus has been designed of late years to enable 
ships to call each other up and operate alarm bells by 
means of an automatic device which, while receiving all signals 
on a specified wavelength, only rings the alarm bells when a 
specified signal is sent on this wavelength. 

The device is required to comply with the following conditions : 

1. Its action should be comparatively simple, and it must 
be robust in form. 

2. It must aim at selecting a chosen signal infallibly while 
allowing a limited tolerance in its specified character. 

3. It must not respond to any other type of signal. 

4. It should be at least as sensitive as the ordinary ship’s 
receiver. 

The form of the alarm signal is of considerable importance. 
The SOS signal has been found to be useless for this purpose, 
as any device which will respond to it will also respond to for¬ 
tuitous combinations of dashes and dots which may happen to 
resemble the distress signal. It has been found, however, that 
a series of long dashes, interspaced by short intervals, gives the 
best prospects of satisfying all the requirements of an auto-alarm, 
and it is this signal which has finally been decided upon. The 
auto-alarm, then, is designed to respond only to a signal composed 
of a series of dashes of 4 seconds each, with intervals of 1 second 
between them. Twelve such dashes can be sent in one minute, 
and trials have shown that such a transmission is almost certain 
to operate the alarm under any conditions in which it could be 
picked out by ear. 

In this chapter two such devices as the above will be described 
which are manufactured by : 

(1) The Marconi Company, and (2) Messrs. Siemens Brothers, 
respectively. 

Marconi Automatic Alarm Device—^Type ** M ” 

This device, figs. 558 and 559, consists of a rack-mounted 
Receiver type 700, a Selector type 701 and a Testing Oscillator 
type 535A. 

The whole system derives its power from accumulator batteries 
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and these, together with a suitable charging board, an aerial inter¬ 
locking switch and alarm bells, comprise the only items fitted 
exterior to the alarm device. 



Fio. 658. Marconi Automatic Alarm Device, Type M. 
Complete assembly. 
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Receiver Type 700 

This forms the top panel, and a wiring diagram of the type 700 
is shown in fig. 560. ^ 

Four valves, type KTW63, are employed, two functioning as 
ILF. amplifiers, one as a radio frequency detector and the other as 



Fig. 669. Marconi Automatic Alarm Device, Type M, showing the separate receiver, selector 
and testing oscillator panels. 
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an L.F. detector and output stage. The valve KTW63 is an 
indirectly heated variable-mu tetrode and is used in the normal 
manner in the first two stages of the receiver. In the third position 
it is connected as a triode by strapping the two outer electrodes of 
the valve together. In the fourth position it is‘used as an output 
tetrode by connecting the screen grid directly to the H.T. supply. 
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The heaters of all valves are in series and the centre point of the 
system is connected via a relay Z2 (fig. 560) to the centre point of 
two resistances of equal value which are connected across the L.T. 
supply. Under normal conditions of operation this relay will not 
be energised since it is across a balanced bridge system. As soon, 
however, as a heater of any '*^alve fails, the relay will be operated 
owing to the failure of the bridge system to remain balanced. 

Under normal conditions the green lamp is alight but, in the 
event of any failure in the heater system, the green light becomes 
extinguished and the red light comes on. These lights are 
operated by the relay Z2 which also closes contacts which cause 
the bells to ring. 

There are three tuned circuits between the aerial and the grid 
of the first valve. The aerial circuit is a series tuned circuit, a 
protective spark gap (shown in fig. 564) being placed between the 
aerial terminal and earth. This protective spark gap is fitted in 
the bottom section of the case. The lower terminal of the aerial 
circuit is not connected to earth directly, but through the coupling 
coil of the interrupter valve oscillator. 

The aerial tuning unit is on the right hand upper portion of the 
receiver, the valves are at the back of the receiver and the low 
frequency equipment is on the upper left hand part of the chassis. 
The gain control is on the upper left hand portion. Most of the 
wiring and decoupling units are situated beneath the chassis and 
the resistances are mounted vertically at the extreme back of the 
chassis. 

In the centre of the front panel is a meter with a switch S^, 
fig. 560, by means of which the feed current to the anode of each 
valve can be read. Provision is also made for the reading of the 
total H.T. voltage. Immediately below this meter are telephone 
connections, provided alternatively by plug or terminals. 

The normal supplies to the receiver are 24 volts L.T. and 120 
volts H.T. 

Selector Type 701 

The main features of. the Selector, which is mounted in the 
middle panel of fig. 558 and 559 are :— 

A constant-speed motor. 

Two magnetic clutches. 

A camshaft carrying various cams and their associated 
contacts. 

Relays for input contacts, tripping and bell ringing. 

The cam-operated contacts, clutch windings and relays are 
interconnected in such a way that an alarm is given only when the 
timings of the input signal f^all within tolerances accurately con¬ 
trolled by the constant-speed motor. A main casting carries all 
components and wh*ing independently of the front panel, and the 
only controls on the front panel are press buttons for “ Testing ** 
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and “ Release ” and a knurled knob for starting the constant-speed 
motor. 

The constant-speed motor is of the reed-driven synchronous 
type-operating at 20 cycles per second and 800 r.p.m. 

Should the motor stop, a governor of the “ ring ” type falls 
downwards and, making contact with a plate, energises the bdl 
relay, thus switching into circuit the alarm bells. 

An examination of the selector will show that, situated under 
either end and supporting the camshaft are two electro-magnets. 



Each electro-magnet is fitted with an armature which is capable of 
applying thrust to a clutch actuating the “ Dash,” “ Pawl ” and 
“ Hotch ” cams, and the electro-magnet at the right hand of the 
clutch shaft actuates the armature which drives the space cam. 
The former electro-magnet is called the H and D Relay (Hotch 
and Dash) and the latter the Space ReJay. 

Incoming signals actuate the ‘‘ input ” relay and this relay 
closes a contact “ 6,” fig. 561. This action closes the H and D 
relay. By this means the armature applies thrust to the clutch 
which in turn causes the cam to operate so long as the incoming 
dash is continued. 

The action of the various cams and contacts during the first 
“ dash ” is as follows 
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When contact “ 6 ” fig. 561 is closed a circuit is made from 
+ 24 V. (terminal 2) through the H and D coil, contact “6,*’ 
contact “ 1 ” of trip relay, contact “ 4 of bell relay to negative 
of 24 V. supply (terminal 1). This circuit now being energised 
causes thrust to be applied to the clutch and the da^ cam and 
"the hotch cam move forward. It should be noted that the hotch 
cam and the pawl cam are mechanically connected, and therefore 
move simultaneously. The following supposes that the signals 
are correctly timed. 

At 0.5 second contact H05 is closed, followed at 2.5 seconds by 
the closing of contact H25. Both of these are closed by the 
“ Hotch ” cam. At 3.5 seconds the “ dash ” cam opens contact 
D35. 

At the conclusion of a correctly timed dash contact 6 ” is 
broken by the de-energising of the input relay and with the 
subsequent removal of tnrust on the clutch the cams fly back by 
spring tension ; the dash cam to its datum position and the pawl 
cam (and hotch cam) until engaged by its first tooth with the pawl. 
It is to be noted that hereafter the contact H05 and H25 remain 
closed until such time as the complete alarm signal is received or, 
alternatively, the trip relay is energised by an overmark or too 
long a space. Contact H25 is primarily intended to prevent 
unnecessary wear on the “ space mechanism during conditions 
of short signals. 

At the termination of the first dash the space relay is now 
energised, the circuit being :—terminal 2 (+ 24v.) through the 
coil S fig. 560, by way of contact 8 (or SH), contact H25, through 
the bell relay contact “ 4 ” to terminal 1 ( — 24 v.) 

At the completion of a correctly timed space the second dash 
will commence and the relay HD again comes into action as out¬ 
lined above. The cams advance as before ; the pawl cam however, 
advances from the first tooth, and when released this flies back and 
the second tooth is engaged and held by the pawl. The action 
continues until the end of the third dash. 

The pawl carries an insulated contact-piece A which makes 
contact with a projection on the last tooth of the cam when the 
third dash is correctly recorded. This contact A closes the bell 
relay circuit which, closing the bell relay contacts 3, sets the 
alarm bells in operation. 

Pressing the knob “ R ” (release) breaks the bell relay circuit 
and at the same time closes the input relay ; this stops the bells 
and by simulating a dash beyond 4.5 seconds enables the botching 
cam to be released. During the routine tests when it may be 
desired to ring the W/T cabin bell only, pressing test terminal 
“ T ’’ will temporarily render inoperative the bridge bell. 

If the dash is too short the tooth of the cam pawl does not travel 
far enough and when contact “ 6 ” is broken the H and D relay is 
de-energised, the clutches released and the springs carry back 
both the cams to the starting datum. 

If the incoming dash exceeds the correct period, then contact 
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Fig. 562. Diagram illustrating operation of Auto Alarm Selector, Type 701 up to end of 1st correct dash. 
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D45 is closed at 4.5 seconds by the dash cam and the circuit of the 
trip relay is made, namely, terminal 2 (+ 24 v.) through trip relay 
cou, the contacts D45, H25, beir relay contact 4 to terminal 1 
(— 24 v). The energising of the trip relay opens contact 1 which 
in turn breaks the “ hotch ** and “ dash circuit. Simultaneously 
the trip relay operates a thrust rod which pushes the pawl out of 
engagement and clear of the pawl cam, allowing the pawl cam and 
hotch cam to fly back to the starting datum. 

In regard to the timing of the spacing, if the space is too long 
then the space clutch will drive the space cam until contact Si 5 
closes (at 1.5 seconds of “ space ”). With Sl5 closed the trip 
relay is put into action, the circuit being from terminal 2 (+ 24 v.) 
through trip relay, contacts H05, Sl5, 1 and “ 4 ” to terminal 
1 ( — 24 v). 

Fig. 562 and 562A show schematically the behaviour of the 
selector under various conditions. 

The following table of operations will assist in following the 
action of the selector. The table indicates how the cams are 
tripped in the event of a particular signal element not complying 
with the stipulated time tolerance. 


Correct Element 
Elements under 
Receiver. Review. 
None Ist dash 

1 dash 1st space 

?■“>“ )8tdM 

2 spaces J 

8 dashes « . 

2 spaces |8rd space 


Reasons for Tripping. 

If too short. If too long. 


1st H tooth not engaged 
D.45 closes (no space) 

S.15 not opened by open¬ 
ing of D.45 

D.45 closes (no space) 

3rd H tooth not engaged 

D.45 closes 


D.45 closes. 

Input relay to space when 
S.15 is closed. 

D.45 closes. 

Input relay to space 
when S.15 is closed. 

D.45 closes. 

None. Bells ring im¬ 
mediately a recordable 
space starts. 


Three bells are supplied, one for installing on the bridge, one in 
the Radio Officer’s sleeping quarters and one in the wireless room. 

The bell contacts on the bell relay are in the negative line from 
the bells and the positive supply to the bells will be taken via the 
aerial switch. If arrangements are made to'earth the lead- 
covered wiring of the bells, it is possible to test the bells indi¬ 
vidually by connecting the negative side of a bell to the lead 
covered wiring. 

For such tests, the whole Alarm equipment should be running, 
(i.e., positive L.T. “ made ” via the Aerial Switch and the bell 
relay not closed either by motor alarm or filament alarm contacts). 
The bells must be tested individually after completion of the 
installation. 

The high-tension supply is obtained from a 120 volts 10 ampere 
hour accumulator, this being housed in a battery box external to 
the cabin. 
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Interrupter Valve Oscillator, Type 535 

In accordance with Statutory Rules and Orders, 1982, No. 89t, 
issued by thC'^Board of Trade with regard to the wireless telegraphy 
equipment of merchant shipping, it is necessary to provide some 
form of testing buzzer on the auto-alarm installation which will 
indicate that the installation is in a working order before the 
operator goes off watch. 

The ordinary buzzer exciting device is unsatisfactory, in that 
it does not necessarily excite the aerial only, neither does it 
excite the aerial with a very definite signal, and to that extent 
the ordinary untuned buzzer is unsatisfactory as a method of 
checking the behaviour of the auto-alarm installation. 

The Interrupter Valve Oscillator, Type 535A, has been designed 
to overcome these troubles. It forms the bottom panel of the 
assemblies shown in figs. 558 and 559, and consists of a valve 
oscillating at 600 metres, interrupted at a fixed audible frequency 
(say 1,000 cycles), thus providing a fully modulated 600-metre 
test signal. The internal connections of this unit are shown is 
fig. 563. A 2-volt valve is used, and its oscillating circuit is 
coupled by means of a coil in the earth lead of the receiver aerial 
circuit (fig. 559) and thus serves not only to give a required test 
signal on 600 metres, but also gives a rapid method of checking 
the actual sensitivity 
of the auto-alarm in¬ 
stallation. 

The electrical 
design of the inter¬ 
rupter is based on 
the fact that when 
a grid leak and grid 
condenser are in¬ 
serted between the 
reaction coil and the 
grid of a valve, if 
the reaction is made 
very much more 
strong than that 
required to produce 
simple oscillation, a 
valve will oscillate 
not only at the high 
frequency controlfed 
by the LC value of 
the circuit, but will 
also appear to oscil¬ 
late at an audible 
frequency, the value 
of which is depend¬ 
ent on the amount of 
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reaction, value of the grid leak, and value of the grid condenser. 

The method of combining a low-frequency and a high-frequency 
oscillation in one circuit may most easily be explained as follows : 

Suppose that the valve commences to oscillate, grid current will 
immediately flow and make the grid negative with respect to the 
filament. Owing to the very vigorous oscillation which will 
immediately be set up in the tuned circuit, the grid of the valve 
will rapidly be driven very negative. If the grid leak is sufficiently 
large to prevent this negative potential which collects across the 
grid condenser being discharged very rapidly, the grid of the 
valve will go sufficiently negative to prevent the valve oscillating. 
As soon as the valve ceases to oscillate, the grid leak slowly 
discharges the condenser until the grid reaches a voltage at which 
oscillation may restart in the oscillatory circuit. Again the grid 
becomes very negative, and again oscillation ceases. 

It follows, then, that if suitable values of grid leak and grid 
condenser are chosen, this starting and stopping of oscillation 
may be made to occur at some predetermined audio-frequency. 
It also follows that the actual oscillations generated by the valve 
are similar to “ chopped ” C.W., and the output of the valve will, 
therefore, have a similar effect on a receiver as a fully modulated 
I.C.W. wave. 

For the purposes of this particular unit, an audio frequency of 
about 1,000 cycles has been chosen, and the grid leak and grid 
condenser have been selected to give approximately that frequency. 

It should be noted that the actual audio frequency depends, 
to a very considerable extent, upon the precise characteristics of 
the valve, while also slight differences in the exact values of the 
grid leak or grid condenser, affect to some extent the audio 
frequency. The exact value of the frequency is not important 
for the purposes for which this unit is designed, and provided 
a note frequency of not less than, say, 500 and not more than 
1,500 cycles per second is obtained, the performance of the unit 
may be regarded as being satisfactory for its purpose. 

The method of utilizing this unit in the auto-alarm installation 
consists of coupling the aerial circuit of the auto-alarm receiver 
to this oscillator by an amount which may be controlled by the 
calibrated dial on the front of the instrument. 

The coupling coil, having a very low resistance and a very small 
inductance, doe^ not noticeably affect the performance of the auto¬ 
alarm receiver when it is inserted in the earth lead of the system. 

A control knob is provided which allows variation of the strength 
of signal transmitted from the unit. This is calibrated and once 
having been set the control may be locked. 

A small press button “ A ” on the lower front panel, switches on 
the L.T. to the I.V.O. and lights a small indicating lamp (white). 
The output is keyed by a switch Si operated by a button “ B.” 

The Interrupter valve oscillator is useful not only for checking 
the sensitivity of the receiver but also for checking the accuracy 
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Fig. 564. Complete interconnection diagram for Type 700 Receiver. Type 701 selector and 
Type 535 A Interrupter Valve Oscillator. 


583 













































HANDBOOK OF TECHNICAL INSTRUCTION 

of the tuning of the automatic alarm equipment. It also indicates 
whether the aerial is properly connected. It will thus be seen that 
its use enables the equipment to be maintained at the maximum 
required sensitivity for the correct working of the automatic 
alarm device. 

The complete interconnection diagram for the three component 
assemblies in the Marconi Automatic Alarm device, type “ M ”, is 
shown in fig. 564. 

MESSRS. SIEMENS BROTHERS AUTO-ALARM DEVICES 

These are of two classes; employing mechanical and electrical 
selecting devices respectively: 

(a) With mechanical selector. 

In this type of auto 
alarm accuracy of tim¬ 
ing is ensured by the 
use of a phonic motor 
controlled by a tuning 
fork. 

The installation, 
which is shown com¬ 
plete in fig. 565, in¬ 
cludes : 

1. A tuner, type 
SB78, which incor¬ 
porates separate 

' aerial and closed 
tuning circuits, a 
single-valve detector 
and variable reaction 
to permit the 
strength of signals 
to be adjusted as 
required. 

2. A two-valve 
note magnifier, and 
single valve rectifier, 
typeSB88. The two- 
stage note magnifier 
is of Standard design 
and needs no special 

Fio. 665. Siemens Auto-Alarm Device description. The 

third valve is pro¬ 
vided for rectification of the low-frequency signals to pro¬ 
vide direct current pulses for operating the selector. 
Listening points are provided in the receiver system : 

(a) After the detector. 

(5) After the first note magnifier. 

(c) After the second note magnifier. 
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Fia. 566. Siemens Auto-Alarm Selector, SB98, Cam Wheel and Contacts. 


A milliameter is provided in the plate circuit of the 
second rectifier valve, and serves to enable the changes of 
plate current for any signal to be noted. 

Both the tuner and amplifier are enclosed in cast metal 
boxes, and can be conveniently mounted, either on bulk¬ 
heads or on a table if desired. 

8. A selector, type SB98, the action of which is illustrated 
in figs. 566 and 567, 

The selector is enclosed in a dustproof box and has a glass top 
to enable the mechanism to be easily inspected. 

Its mechanism is driven by a phonic motor, fed with interrupted 
D.C. from a twelve-volt battery. A tuning fork controls this 
D.C. feed, and ensures the constant speed of the motor. On 
an extension of the motor shaft, a small governor is mounted, 
which, should the motor stop, closes two contacts and rings the 
warning bells. 

Under normal conditions, when no signal is being received, 
the motor revolves but is not connected to the operating cam 
wheels of the selector, as it is separated from it by means of an 
electrically operated clutch. When a signal is received, however, 
the current in the plate circuit of the second rectifier decreases in 
value, operating an input relay whose coils are in series with the 
plate circuit. This relay opens and closes a pair of contacts 
which allow the clutch coils to be energized through the main 
12-volt battery. The time cam wheel then commences to 

585 




HANDBOOK OF TECHNICAL INSTRUCTION 

revolve. The formation of this wheel can best be seen 
from fig. 566, in which the wheel is shown in the rest 
position. In 4 seconds the wheel travels to a notch A from the 
rest position. At this position, a catch R controlled by a spring 
and dash pot engages in A, and the wheel is held fast. If the 
signal ceases now, the clutch is released, but the wheel ds pre¬ 
vented from returning to its rest position by the catch R. If 
now, after a pause of one second, a second signal lasting 4 seconds 
is received, the wheel revolves to notch B, where the catch R 
again engages and holds the wheel. The third signal causes a 
repetitioa of the process, and the wheel now revolves until R 
has engaged in a third notch C. It will be noticed from fig. 567 



Fig, 667. Siemens Auto-Alarm Selector, SB98. Schematic Diagram. 


that the cam wheel consists of two portions, the second of which 
engages, under suitable conditions, two contacts P3 and P4. 
This occurs when,the wheel has revolved until R is engaged in 
notch C. P8 and P4 close the bell circuits and ring the warning 
bells. 

We have considered up to now the case of a perfect alarm 
signal consisting of three dashes of 4 secs, duration separated by 
three spaces of 1 sec. duration. It will complete the description 
of the operation of the selector to follow what happens under 
other conditions. 

(1) Signal of Greater Length than 5 Seconds 

It is obyious from the above description that, should a 
continuous signal of 12 or more secs, be received, the alarm 
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bells would ring unless precautions were taken to prevent 
this happening. Actually a cam mounted on the main shaft 
trips two contacts and breaks the clutch circuit after the 
cam wheel has rotated through an angle corresponding to 
a 5 sec. dash. Simultaneously, this jamming cam closes two 
contacts which operate an electromagnet, and hold the 
catch clear of the time cam wheel. Thus after a continuous 
signal of 5 secs, duration, the time cam wheel returns to 
its rest position. 

(2) Signal of Less than Seconds 

The time cam wheel does not rotate far enough for the 
catch to engage in notch A, and it therefore returns to 
its original position. 

(3) ^ii-Second Dash followed by Incorrect Space 

A false alarm is prevented from being given by a 
4-second dash followed by an incorrect space by the following 
arrangement. 

As soon as the catch engages in A on the cam wheel, then 
Si engages with P2 on the spring set, and causes Pi and 
P2 to close. These contacts close the space magnet coil 
circuits via the space contacts on the intermediate relay, 
causing the space clearing clutch to engage on the rotating 
wheel on the phonic motor shaft. This space clearing clutch 
carries with it the space cam, which after IJ secs, makes 
the circuit of the catch electromagnet. This electromagnet 
causes the catch to be pulled away from the time cam 
wheel, which cam then returns to the rest position. 

(4) Insufficient Number of Correct Dashes and Spaces 

Here the same action occurs as in (3) with the exception 
that the time cam wheel is revolved for 9 secs., so that R 
engages B. The S2 on the timing wheel engages on the spring 
set and closes Pi and P2, thus completing the space magnet 
coil circuit. The space clearing clutch engages and this 
causes the catch to be released from notch B, If secs, after 
the completion of the dash. 

Once the bells have been rung, the time cam wheel remains 
locked, so that the bell circuits are still made, and the bells 
continue to ring until a knob in the front of the selector has 
been pressed. The pressing of this knob releases the time 
cam and resets the instrument. 

While the time cam is in the “ locked ” position, another 
pair of contacts in the main clutch circuit are broken so that 
the motor continues running but there is no response to 
incoming signals until the whole is reset as mentioned above. 

A buzzer is provided in order that the installation can 
be tested as a whole—^from the aerial to the bell—in one 
operation. 

A special “ main/auto-alarm ” switch changes over the 
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Fio. 568. Siemena. Auto-Alarm Selector, SB118, Front View, Lid Open and Right Front 

Panel Removed. 

aerial from the main receiver to the auto-alarm receiver 
and vice versa, and ensures that for any test of the auto-alarm 
receiver, the aerial must be correctly connected. 

(b) Siemens Auto Alarm with electrical selector. 

The electrical selector, type SB 118, is offered as an alternative 
to the mechanical selector, type SB98, which has just been 
described. A view showing the interior of the selector is given 
in fig. 568. It consists of a discriminating unit mounted on the 
right, and comprising a group of 24 relays together with the 
associated equipments and a supervisory unit on the left which 
includes the local jamming alarm buzzer. 

The selector is operated in conjunction with the Tuner/Ampli¬ 
fier SB78/88A or the receiver SB148 ; the latter being electrically 
similar to the former instrument but mounted in one case. If 
the selector SB118 is also mounted in the same case as the 
receiver the whole is known as ** receiver/selector ” type SB188 
or 188A according to the series to which the instrument belongs. 

General Prindplet of the El^trical Selector 

The functions of the selector can be classified under the following 
headings: 

(а) To respond to an incoming signal. 

(б) To determine the duration of the incoming signal. 
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(c) To record the signal if it is of a specified duration. 

(d) To measure the space interval between two signals, 
and to return the selector to normal start conditions if 
the space is not of a specified duration. 

(e) To arrange that a bell shall be rung immediately an 
alarm signal consisting of specified marks and spaces is 
transmitted. 

(/) To ring an alarm the moment any one of the filaments 
of the valve receiver is broken. 

(g) To ring an alarm when there is excessive jamming or 
'when the emission of the final valve of the receiver falls 

below a certain value. 

(h) To furnish means whereby the alarm signal can be 
transmitted automatically. 

Functions of the Relays 

The functions of the different relays are as follows: 

Belay S 

This relay is controlled by the receiver, and it is normally 
operated by the plate current of the last valve. On receipt of a 
signal this current falls, thus releasing the relay. The action is 
quick in response both for operation and release. 

Relay SA 

This relay is controlled by S. It is normally operated, but 
when S is released on the reception of a signal, SA is shunted 
out and caused to release slowly. 

Relays Y and Z 

These relays are controlled by SA and as soon as a signal is 
received they generate pulses at about \ second intervals. 
These pulses are generated so long as relays S and SA are released, 
that is, for as long as the signal is being received. The number 
of pulses generated will, therefore, depend on the duration of the 
signal. 

Relays A, B, C, D, Ej and F 

These relays are called the “ time counting relays.” They 
are set into operation as soon as the generation of the pulses is 
commenced and their function is to count these pulses. 

Belay G 

Should the relays A to F record a number of pulses corre- 
^onding to a signal of specified duration, then relay G is operated. 
The operation of relay G therefore indicates that the signal has 
been recorded. 

Relays AT, iV, 0, and P 

These relays measure the space interval which separates 
successive signals. As soon as relay G operates, indicating 
that a signal has been recorded, relay M is operated. As soon 
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as the signal ceases, relays N, O, and P are operated in turn and 
then relays M, N, O, and P release in turn. If when P releases 
SA is not responding to a signal, then the selector is reset to 
normal. 

Relays K 

These relays record th*e successive marks of the alarm signal. 
At the end of the first space relay H is left operated, at the end 
of the second space, relay K only is left operated. On receipt 
of the third mark, relays K and H are operated, and on the cessa¬ 
tion of this mark, relay J is also operated. Hence the simul¬ 
taneous operation of relays H, J, and K indicates that an alarm 
signal has been recorded. 

Relay L 

This relay controls the alarm bell and as soon as relays 
H, J, and K are operated at the same time, relay L is energized 
and the bell is rung. This relay also prevents further signals 
from affecting the alarm. 

Relay R 

This is the “ reset ” relay and it operates : 

(a) If the maximum mark duration is exceeded. 

(b) If the M, N, 0, P group release during the space period. 

(c) If the “ reset ” key is operated. 

(d) During the automatic transmission of the alarm signal. 
Relay Q 

This relay is controlled by the “ reset key, and is supplied 
in order to limit the number of contacts on the key. 

Relay W 

This relay is controlled by the “ transmit ” switch. It starts 
the transmission of the alarm signal and isolates the selector 
from the receiver. 

Relays Fi, V% 

These are the filament alarm relays which control the bell via 
relay L. 

Principle of Operation 

On the reception of a signal, the selector operates in the following 
manner : 

First relay S releases followed by relay SA. The release of 
SA causes relays Y and Z to generate the J-second pulses, which 
are counted by relays A to F. Should these pulses be of a specified 
number, relay 6 followed by relay H, is operated, thus indicating 
that a mark has been recorded. On the cessation of the mark 
the relays M, N, O, and P measure the space interval. If this 
interval is too long, the selector is reset to normal. 

If the interval is of the specified duration, relay H is 
left operated, and the next mark causes the pulses to be generated 
in the same way as the first mark. Should this mark also be of 
the specified duration, relay G is again operated, but in this case 
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it is followed by relay K. The second space is measured as before, 
and if it is of the proper duration, relay K is left operated. The 
third mark causes the same action as the first and at the end of 
this mark, relay J is operated in addition to H and K, thus 
causing relay L and hence the bell to operate. 

Transmission of the alarm signal is effected by operation of 
the transmit switch. This operates relay W which in turn operates 
relay R and hence relay SA, thus causing the pulsing relays Y and 
Z to function. 

Auto^Alamif Type SB218 

The latest design of electrical selector is shown in fig. 569. 
This type utilizes a neon tube timing device in place of the relays 
used in the SB118. It is seen that the receiver is mounted in 
the same case as the selector. Its circuit comprises a band-pass 
input, a tuned H.F. stage, a detector, a limited amplifier, and 
a rectifier. 



Fig. 669. Auto-Alarm, Type SB218. 
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CHAPTER XXX 

LIFEBOAT AND EMERGENCY OUTFITS 

I "'HE International Convention for the Safety of Life at Sea, 

X 1929, specifies that on vessels where the lifeboats carried 
exceed thirteen in number, one of these boats—a motor boat— 
shall be fitted with a wireless telegraph installation and a search¬ 
light. In cases where the lifeboats carried are more than nineteen 
then two boats shall be motor boats and fitted with a wireless 
telegraph installation and a searchlight. 

The wireless telegraph installation shall comply with conditions 
as to range and efficiency to be decided by each administration. 

The regulations issued by the H.M. Board of Trade in connection 
with lifeboat’s wireless telegraph installation require that with a 
single wire aerial hoisted on the lifeboat’s masts a minimum 
metre amperage of 10 shall be obtained, and that the power 
supply shall be sufficient to meet all the requirements of the 
wireless installation and searchlight for a six-hours’ running 
period. 

The conditions met with by transmitters and receivers in this 
class of work are very severe. Two outstanding points at once 
present themselves. 

1. The apparatus must be easy to erect and simple to 
operate, and must be completely self-contained as regards 
power supply. 

2. Construction must be very robust and the complete 
installation must be entirely weather-proof. 

In this chapter, three-types of wireless installations for lifeboats 
will be described. 

The Marconi Lifeboat Set 

The first set to be described is that manufactured by the 
Marconi Company, which consists of four principal items : 

1. The transmitter. 

' 2. The receiver. 

3. The power plant. 

4. The aerial. 

The instaUation may be accommodated in the fore peak of a 
inotor lifeboat and a sketch showing suitable arrangements is 
given in fig. 570. 
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Fig. 570. Typical Lifeboat Cabin Layout. 


(1) The Transmitter Type 241C 

This is essentially the same as the J kw. Q.G. set described in 
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(2) Marconi Lifeboat Receiver 
Type 313 i 

This receiver is a single-circuit 
two-valve receiver, one valve 
functioning as a grid leak detector 
and the other as a note mag¬ 
nifier. In order to withstand 
rough usage vane condensers have 
been dispensed with and tuning 
is carried out by means of a 
variometer, and variable reaction 
control is provided. The wave- 
range covers the restricted emer¬ 
gency band of 550 to 650 metres. 
The valve filaments are wired in 
series to suit a 4-volt supply, 
two 2-volt D.E.R. valves being 
used, and a high tension of ap¬ 
proximately 60 volts should be 


Chapter XVI. It is 
illustrated in fig. 571, 
and a schematic dia¬ 
gram is shown in fig. 
572. In the earlier type 
of battery-driven life¬ 
boat transmitter the 
main transformer has a 
primary wound in two 
sections, and care must 
be taken to see that 
these are joined in paral¬ 
lel and this can be done 
by means of links on the 
transformer. The trans¬ 
mitter itself consists of 
one unit containing 
A.T.I. and closed oscil¬ 
latory circuit. The 
spark gap consists of 
three spark plates held 
together in their correct 
positions by the pressure 
of the nuts on the 
spindle, and the com¬ 
plete unit can be taken 
out from the front of 
the transmitter without 
making any disconnec¬ 
tions. 



E 


Fio. 572. Wiring Diagram of Q.G. Trans¬ 
mitter Type 241C. 
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used. Low resistance telephones are to be used with this re¬ 
ceiver, which incorporates a telephone transformer. 

Alternative reception by crystal is arranged for, a throw-over 
switch enabling valve or crystal to be used. 

Fig. 578 shows the circuits of this receiver. 

(3) The Power Plant 

The motor-alternator is a shunt-wound machine giving an output 
of .25 K.V.A. 52 volts 500 cycles. The motor will run on an input 
of 18J volts and will give the output mentioned above at this 
value. A series resistance is placed in the battery line for starting 
purposes and prevents the shorting of the accumulator battery 
when switching on. The machine mufit be fitted in a convenient 
place, as far as possible sheltered from weather and spray. It is 
of water-tight construction, and when fitting care must be taken 
to see that the various joints are properly made, and that the 
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india-rubber washers fit properly. It is adapted for rubber- 
covered cables. 

The battery for driving the motor-alternator comprises ten lead 
type cells of 140 ampere-hour capacity. This battery must be 
fitted into properly-constructed lockers or racks inside the boat, 
and the cells must be arranged in such a manner that no move¬ 
ment can take place in the heaviest of weather. It is essential 
that the battery be adequately protected from spray and weather. 
The requirements of the boat builders should be considered when 
selecting a site for the accumulators. 

The output of the battery is taken to the fuse terminals of the 
centre of a double-pole double-throw switch. The fuses on the 
board should be set for 70 amps., i.e. two separate lengths of No. 14 
square tin. Two separate pieces of wire must be used for these 
fuses, each being turned round into an eye at the end to fit over 
the terminal stems. The end of the eye must not cross over the 
main part of the wire. The two parts of, each fuse must be put 
on separately. 

The installation wiring diagram is given in fig. 574. 

The inside light is a 20-volt 20-watt lamp in an ordinary fitting 
mounted inside the wireless space for general illumination of the 
apparatus. 

The outside light is also a 20-volt 20-watt lamp. The light is 
mounted on a suitable lampholder with guard. It can be burned 
as a steady light, or controlled by a key for flashing. The flashing 
key is wired across the K ” terminals of the distribution board, 
and a 4 mfd. condenser must be joined up in parallel with these 
terminals, for the purpose of absorbing any sparking which might 
otherwise occur when working the key. The key itself may be 
fitted in a fixed position under cover, so that the person working 
it can see around. 

The flashing key should be adjusted to have a wide break and 
a stiff spring. The searchlight lamp utilizes 100 watts and takes 
5 amps. 

(4) Aerial System 

The masts should be as far apart as possible, and a height of at 
least 23 feet is recommended. The aerial is single wire and is 
made of stranded copper wire and is carried at the two mast¬ 
heads by suitable insulators. The aerial should be cut so that when 
hoisted the insulators are right up to the mast-heads and the top of 
the aerial taut and flat. Down-leads should be taken from both 
ends and brought clear of rigging, etc., to the deck insulator, 
i.e. the aerial shape is an inverted triangle the base of which 
should be as long as possible and the height as great as possible. 

The earth plate must be at least 6 feet square and must on 
’no account be painted over. This plate should be copper on a 
wooden boat or zinc on a steel boat. 

An in-board earth connection must be arranged close to the 
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boat’s davits. This must be a good connection to the ironwork 
of the ship’s side. If a suitable spot cannot be found, a lead must 
be run from the nearest good earth to a terminal close to the boat, 
to which the boat’s earth terminal can be connected. 

This latter connection should be a piece of thin wire, so that 
if it is forgotten at the moment of launching the boat it will 
break without damage to the boat’s fittings. The boat’s earth 
terminal is never to be disconnected from the boat’s earth plate. 



Fig. 574. Installation Wiring Diagram lor Lifeboat Transnutter Type 24IC. 
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Tuning 

When the installation is complete, steps should be taken to 
tune the transmitter. The aerial should be buzzed and adjusted 
to 600 metres. The machine should be started and the primary 
adjusted until the maximum aerial current is obtained. The 
variable choke in the primary circuit of the transformer must 
be adjusted carefuUy until maximum radiation is obtained with 
minimum battery current. The emitted wave should then be 
measured and the transmitter readjusted if necessary. It is 
important that the set is quenching properly, as if this is not 
the case, the note will be bad, the radiation poor, and the gaps 
heat up excessively. With proper quenching the note is clear 
and tuning sharp. Usually bad quenching is due either to dirty 
gaps or over coupling. 

RADIO COMMUNICATION COMPANY LIFEBOAT EQUIPMENT 
TypePSn 

This installation comprises the following : 

1. Jkw. quenched spark transmitter. 

2. Valve receiver. 

8. Motor-alternator with secondary battery. 

4. Accessory equipment, including aerial gear, charging 
switchboard, cabling, and spares. 

The whole of the transmitting and receiving apparatus is con¬ 
tained in a strongly constructed watertight case, this being 
further protected by a heavy canvas covering which is painted. 
It will be seen from the accompanying illustration (fig. 575) 



Fio. 575. Radio Communication Co. Lifeboat Set, Type PS17. 
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that access to the instruments for the purpose of operating the 
set is obtained by means of a hand-hole fitted with a water¬ 
proof sleeve, not shown, through which the transmitting key, 
receiver controls, send-receive switch can be reached conveniently 
by the operator. The front compartment of the set is illuminated 
by a small lamp and all the controls and the aerial ammeter 
can be clearly seen through an inspection window. 

Access to the inside of the set for overhaul is obtained by 
removing one side thereof, as shown in fig. 575, when all the com¬ 
ponents are conveniently exposed. This removable section is 
secured by means of screws, the joint being fitted with a water¬ 
tight gasket. 

(1) The Transmitter 

The transmitter consists of a simple auto-couj>led quenched 
spark set, with variometer control. The manipulating key 
is inserted in the low tension supply to the power trans¬ 
former, and an ammeter is provided to enable the performance 
of the set to be observed. 



Fig. 576. Radio Communication Co. Lifeboat Set, Type FS17. Circuit Diagrams. 


The transmitter is designed to oj)erate on the normal 
marine wavelength of 600 metres while the receiver is ad¬ 
justable to all wavelengths between 500 and 700 metres. 
The change-over from transmission to reception is effected 
by means of a single switch which also controls the motor 
alternator and the valve filament current. A diagram of 
connections of the transmitter and receiver is given in fig. 576. 

(2) The Receiver 

The receiver has three valves, comprising one detector 
and two stages of L.F. amplification, these giving good signal 
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strength on the necessarily small aerial system. Low con¬ 
sumption valves are used, both the H.T. and filament current 
being taken from the main battery, thus obviating any 
necessity for maintaining separate receiver batteries. 

A spare valve is carried inside the set and can be inter¬ 
changed easily if necessary. A crystal detector and change¬ 
over switch are provided for emergency use. 

(3) Motor Alternator and Battery Equipment 

The supply to the transmitter is furnished by a motor- 
alternator set which is operated from the battery. This 
machine is of the two-bearing, totally enclosed type, having 
watertight inspection doors giving convenient access to the 
brush-gear, while all connections are taken through watertight 
glands. 

The alternator has an output of Jkw. at 60 volts, 500 cycles. 

The battery consists of nickel iron type cells having ample 
capacity for six hours continuous working as required by 
the regulations. 

The battery is of very robust construction. The plates 
are designed to stand heavy duty, and the unspillable cells 
are conveniently arranged in units with strong cases, and are 
particularly suitable for stowing in the restricted space 
on the lifeboat. 

Alternative batteries can be supplied, if necessary, of 
higher capacity to operate a searchlight, or of lower capacity 
where a dynamo is fitted on the boat for charging purposes. 

(4) Accessory Equipment 

The equipment supply includes all necessary aerial wire- 
spreaders, insulators, and fittings, together with material for 
the earth connection. 

The aerial is designed to facilitate easy erection when the 
boat is under way. 

For charging the lifeboat batteries, a charging board is 
normally fitted in the wireless cabin, leads being run to water¬ 
tight plug connections adjacent to the lifeboats. This 
charging board has special provision for discharging the 
batteries, this enabling the cells to be maintained in good 
working condition when not in frequent use for transmission 
purposes. 

The miscellaneous supplies include all necessary installation 
cable and accessories excluding charging leads, together with 
an adequate supply of spares for the transmitter and receiver 

Tuning the Transmitter 

The primary circuit of the transmitter is definitely tuned to 
600 metres, and the secondary or aerial circuit can be tuned to 
this wavelength also by liieans of a variometer. On looking 
through the glass porthole of the set, the knob with its pointer 
jind dial, which controls this variometer, can be seen directly 
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facing the operator and immediately below the aerial ammeter. 
On the left-hand side of the interior of the box, and immediately 
above the receiver unit, is the send-receive switch. This is 
provided with three positions, viz.: “ Send,” “ Off,” and “ Re¬ 
ceive,” which are clearly indicated by means of a pointer and 
white ivorine engraved dial. To tune the transmitter this 
switch should be moved over to the “ send ” position. This 
should start up the motor-alternator. The transmitting key 
must now be short-circuited by depressing the tumbler switch 
marked “ Short-circuit Key whilst Tuning,” which is fitted on 
the right-hand side of the interior of the box, close to the vario¬ 
meter knob. This closes the transmitting .circuit, and sparks 
should pass between the electrodes of the quenched spark gap. 

The tuning knob controlling the variometer should now be 
moved very slowly backwards and forwards until th position 
of this knob is obtained where the aerial ammeter directly above 
it indicates the maximum aerial current. When this position is 
reached the aerial circuit is correctly adjusted to the primary 
circuit, and the transmitter is working most efficiently. The 
switch for short-circuiting the key should now be opened, and 
transmission may then be carried on in the normal manner 
by operating the transmitting key, which is situated on the 
bottom of the box convenient to the operator’s hand. 

The switch provided for short-circuiting the key is necessary, 
since it is impossible with one hand, to press the transmitting 
key and to operate the tuning knob at the same time. 

Having tuned the transmitter in the foregoing manner, the 
position of the tuning knob pointer on its dial should be carefully 
noted in order that it shall not be necessary to go through this 
tuning process again each time it is desired to transmit. 

THE SIEMENS LIFEBOAT SET 

A schematic diagram of this set is shown in ficr. 577 . It 
comprises: ^ 



601 







HANDBOOK OF TECHNICAL INSTRUCTION 


1 . Transmitter, 

2 . Motor alternator and driving source. 

3. Receiver. 

4. Aerial. 

(1) Transmitter 

The output from the alternator feeds a closed core trans¬ 
former. In the primary circuit of the transformer is placed 
the Morse key, while the secondary feeds the oscillatory 
circuit formed by the closed circuit inductance, mica con¬ 
denser and four gap quenched spark gap. The aerial circuit 
includes the open-wound aerial-tuning inductance and the 
aerial ammeter. 

The transmitter is tuned to 600 metres—the distress 
wavelength. 

(2) Source of Energy 

The requisite high-frequency alternating current is provided 
by a motor alternator direct coupled either to a direct- 
current motor, fed from a battery of accumulators, or to a 
high-speed petrol engine. The output voltage is shown on a 
voltmeter mounted on the front of the transmitter unit. 

Where batteries are employed a robust type of alkali 
cell of 140 ampere-hour capacity is used. Eighteen cells 
are connected in series and the lifeboat searchlight is also 
fed with current from this source. 

(3) Receiver 

This has a wave range of 550-650 metres and normally uses 
three valves. It is fitted with a switch by means of which a 
crystal can be employed in an emergency. 

Change-over from transmit to receive is effected by a 
special switch. 

A later type of receiver employs two valves. 

(4) Aerial 

The aerial consists of a single wire supported on two masts. 
High-tension high-frequency insulators are employed, which 
have been specially designed to withstand the very high 
pressures met with in a small aerial. The lead-in insulator 
is protected by a discharge cap and provided with a metal 
liner. 

MARCONI EMERGENCY APPARATUS 

In the case of the standard generator being out of action, due, 
for instance, to the D.C. supply from the engine-room being cut 
off, the old standard Marconi l^kw., ^kw., or Jkw. spark 
transmitting sets can be operated from a 12-cell 80 ampere-hour 
accumulator battery at 150 to 200 watts by employing an inde¬ 
pendent interrupter which breaks up the D.C. current supply 
to the transformer primary a regular number of times per second, 
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and thereby causes momentary surges of potential in the secondary 
winding having a value of a few thousand volts, so that the 
transmitting condenser to which it is connected becomes charged 
to a potential of a few thousand volts, and is able to start the set 
oscillating by a discharge across a suitable emergency gap. 

Emergency Interrupter, Type 144 

The interrupter consists of a strong electro-magnet which 
attracts a massive armature and this operates a vibrator in the 
main circuit. 

The winding of the electro-magnet is connected in parallel to 
the transformer primary winding, and they are both in series 



Fio. 578. Marconi Emergency Interrupter, Type 144. Circuit Diagram. 

with a pair of contacts, one of which is carried by the vibrator, 
a suitable condenser being connected across the contacts in the 
usual way (flg. 578). 

A small series resistance, and a two-way triple pole switch 
for changing over from the power supply to the emergency, the 
necessary terminals for external connections, and ivorine instruc¬ 
tion labels are mounted on the same base with the interrupter. 
Details of the construction of the interrupter are as follows ; 
The armature is carried by a stiff controlling spring fixed at 
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both ends to the magnet yoke, and it tends to shear this spring 
when pulled over by the electro-magnet, so that a vibration is 
set up having a frequency of about 200 to 250 per second. A trip 
fixed to the armature engages with a U-shaped strip spring carrying 
the moving contact and thus interrupts the circuit. 

The time interval between the beginning of the armature 
movement and the moment the trip acts can be adjusted by 
screwing the fixed contact in or out, and a corresponding 
adjustment on the contact spring ensures that the correct contact 
pressure and alignment is maintained.’ 

In order to reduce wear, heating, and the tendency to stick, 
the contact pressure is adjusted to the smallest amount necessary 



Fio. 579 , Marconi Emergency Interrupter, Type 144. Construction Diagram. 


for efficient operation, and the momentum of the heavy armature 
is, therefore, affected very little by the damping imposed by the 
contact spring so that the irregularity of its vibration is not upset. 

A taper washer under the contact spring adjustment screw 
ensures that the contact alignment remains true at any adjust¬ 
ment. It has been found that the contact connected to the 
positive end of the battery heats up much more than the one 
connected to the negative end, therefore, in order still further 
to reduce heating and the tendency to stick, a grooved end 
milled copper radiator which also acts as a lock nut is fitted 
on the fixed contact which is connected to the positive pole 
of the battery, as close to the end of the platinum tip as possible. 
The negative contact on the spring requires no radiator. 

In fig. 579 the electro-magnet is shown at E, the semi-cylindrical 
armature at A, which is screwed on to the armature plate B, 
and the armature vibrator spring at D. When the armature 
is pulled over it rocks on the steel pin C, and causes the trip piece 
F to press against the contact spring G and thus it interrupts the 
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current at L. The contact L which is connected to the negative 
pole of the battery, is mounted on the bent strip spring G, which 
can have its distance adjusted from the head of the trip F by 
turning the milled nut N. A taper washer I, under the nut N, 
is employed for alignment purposes, as already explained, and 
good electrical conductivity is maintained between the coil and 
the contact by providing a slack copper braid connection M at 
the back of the contact spring as shown. 

The nut N is fitjted with a sleeve which passes through the 
washer I, and spring G, and prevents the spring catching on the 
thread of the adjusting screw. It is very essential that there 
should be a minimum conductor resistance between the contacts 
and the 4 mfd. condenser in the base of the interrupter, and 
two leads are therefore taken direct to the condenser as indicated 
by the dotted lines. The bridge piece J carries the back con¬ 
tact H, which is fitted with the radiator lock nut K. There is 
no need on this instrument to alter the adjustment of ttie electro¬ 
magnet E", which should enter about J in. under the curved 
armature A. 

The Emergency Non^-Arcing Spark Gap 

The discharger employed with this interrupter consists of 
two spark gaps in series, the gaps being obtained by employ¬ 
ing three silvered-copper plates separated by 8 mils mica. The 
thin wide plates provide good heat radiation and, together 
with the narrowness of the gaps and the silvered surfaces, 
stop any tendency which the spark may have to arc, so that 
the regularity of the discharge is maintained. 

The emergency spark gap is 
connected in parallel with the 
main discharger, and a trip switch 
on its base is provided for the 
simple and rapid opening of the 
emergency spark gap circuit 
when the main set is to be 
used. 

In fig. 580 the sparking plates 
are shown at A, the mica separa¬ 
tors at B, the insulating bush 
and collar, C, clamping nut and 
bolt, * D, switch, E, the trip of 
which, F, should be “ down ” 
wheP the main set is in use, and 
G, the two terminals ; the whole 
being mounted on the moulded 
ebonite base, H. 

Operation of Type No. 144 Interrupter 

For emergency working the interrupter switch handle should 
be down on the side marked “ accumulator ” ; with the handle 
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on the side marked “ alternator ” the interrupter is entirely out 
of circuit. 

Also if the main discharger is of the rotary type the disc requires 
to be set so that the electrodes come midway between the disc 
studs, and it must be fi^^ed in this position so that it remains 
unaffected by the rolling of the vessel. 

On a 24-volt battery supply the input current ranges from 
6 to 8 amperes, and the aerial current from 2.0 to 2.8 amperes 
depending on the type of transmitting set and the capacity of 
the aerial with which the interrupter is used. 

To resume work on the main set the interrupter and emergency 
discharger switches must be changed over, and the main discharger 
must be set free to rotate. 


Emergency Generator 

As an alternative source of energy in case of emergency, a 
generator is in use on some of the more recent ship installations. 

This generator is designed to 
work on a D.C. driving voltage 
of 24 volts which is derived from 
the emergency accumulators. 
The output is 600 volts at 600 
cycles with a maximum current 
of .15 ampere. Both A.C. and 
D.C. windings are on the same 
shaft and the machine is similar 
in construction to the ordinary 
motor generator. 

When used in conjunction with an emergency spark set, no 
transformer is needed and the output from the machine is put 
directly across the condenser. 

A diagram of connections is shown in fig. 581. 



A.C. SUPPLY 


Fig. 581. 


Marconi Emergency Generator 
Transmitter. 


Marconi Marine Emergency Transmitter Type 558 

According to the Merchant Shipping (Wireless Telegraphy) 
Rules, administered by the Board of Trade, and in conformity 
with the General Radiocommunication Regulations annexed to 
the International Telecommunication Convention, an emergency 
installation must include an independent source of energy capable 
of being put into operation rapidly, and of working a minimum 
of six continuous hours ; also the emergency transmitter must 
operate with sufficient power to give, under normal working 
conditions : 


45 metre-amperes in the case of a Class 1 ship, and 
25 metre-amperes in the case of a Class 2 ship. 

These requirements are fully covered by the Marconi type 558 
emergency transmitter, a schematic diagram of which is shown 
in fig. 582. 

The power for the equipment is provided by a 24-volt battery 
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of high capacity. A motor alternator rim from this battery in 
turn supplies a transformer, the secondary of which feeds the 
closed oscillatory circuit. This circuit is inductively coupled 
to the aerial circuit, and is tuned for a “ spot ” wave of 600 
metres. 

The overall size of the transmitter is : 

Width, 20jin. (22in. over battens). 

Depth, I4in. 

Height, 19|in. (24in. over insulator). 

A hot wire aerial ammeter, 0-3 amperes, is provided. When 
the transmitter is used on aerials having extreme values of 
capacitanee, a high frequeney shunt is employed with the ammeter, 
which permits the instrument to read up to 6 amperes. 

The closed circuit is tuned before the transmitter is despatched 
from the works, and the adjustments are shown on the test sheet 
despatched with the transmitter. Ship tests should be commenced 
with about three-quarter power from the generator with two 
gaps shorted. 

Good quenching, sharp tuning and the best aerial radiation can 
only be obtained by using the correct degree of coupling. The 
coupling may be altered by moving the flexible connection from 
the ammeter up and down the aerial tuning inductance. The 
nearer this connection is to the left-hand end of the aerial tuning 
inductance, the closer the coupling. 

The choke fitted in the set in the primary circuit has a movable 
iron core for the purpose of obtaining resonance in that circuit. 
Resonance produces a pure 1,000 cycle note. The adjustment of 
this choke and of the A.C. volts regulator to give a clean note 
(1,000 cycles) must be such that the current consumption from 
the battery does not exceed 21 amperes on full power, using 
eight gaps. If the battery current appears likely to exceed 
21 amperes, then to clean up the note it may be necessary to 
use, only seven gaps. To ensure that the maximum output 
frorii the machine does not exceed 300 watts—as provided for in 
the Government Regulations—a screw device is fitted to the A.C. 
regulator on the starter to limit the A.C. volts from the machine. 

If the spark is thin and slightly bluish-green in colour, and is 
accompanied by a hiss at about 1,000 cycles/sec., as opposed to 
a crackling sound with no pronounced frequency indication, then 
good quenching is occurring. If a suitable coupling value has 
been chosen, a movement of the aerial tap of about one-half of 
one turn will be sufficient to destroy this ideal quenching condition. 

Should a gap become short-circuited by the puncture of the 
mica separator or other reason it will be necessary to dismantle 
it, but one should not be misled into thinking a gap is short- 
circuited because no spark is visible at the front of the gap, as 
it may be taking place out of sight at the back. A good guide to 
a short-circuited gap is the fact that when a short circuit occurs 
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the note will be destroyed and the spark become ragged and 

Dismantling may be carried 
out as follows : 

By unscrewing the knurled 
thumbscrew the spark-gap 
spindle complete with electrodes 
may be removed from the spark- 
gap support. 

The knurled thumb - nut 
situated at one end should then 
be removed, together with a 
spring washer, after which the 
clamping bush can be taken off. 
The entire quenched gap assem¬ 
bly and cooling fins can then be 
dismantled. The silver electrodes 
must be handled with care to 
avoid denting or distortion. After 
replacing any faulty mica separa¬ 
tors the gap may be reassembled, 
and every care should be exercised 
to do so correctly. 

Emergency Quench Gap Transmitters, Types 335 and 335F 

The Type 885 Transmitter is designed to transmit on 600 metres, 
utilising a quenched gap, and derives its power from a motor 
alternator running oS a 24 volt accumulator battery. This 
motor alternator has its D.C. side wound for 24 volts, and its 
output side for 600 volts. This voltage is of sufficient value 

to energise the oscillatory circuit 
without the necessity of a trans¬ 
former. 

The transmitter unit, fig. 588, 
itself comprises the aerial and 
closed circuit inductance, closed 
circuit condenser, H.F. chokes, 
spark gap and aerial ammeter, 
all mounted together on a wooden 
baseboard and panel. This unit 
is housed inside a wooden case, 
which case can be secured in a 
suitable place by four screws 
through the back of the box. 

The machine and starter, 
together with the charging switch¬ 
boards, are mounted in a 
convenient position, while the 
keying of the transmitter is 
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Fio. 582. Theoretical Wiring Diagram of 
Transmitters Types 558 and 558A. 
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accomplished by means of the back contacts of the manipulating key 
fitted with the main installation. The change-over from “ send ” 
to ‘‘ receive ” or vice versa is carried out by means of a send/ 
receive switch. 

In a few cases the Type 835 Transmitter, together with 
machine and starter, is arranged and fitted on a structure for 
insertion into a flameproof metal container. 

The demand for this type of enclosed emergency transmitter 
may arise on tankers, where special precautions are necessary in 
view of the possibility of inflammable gases escaping from the 
tanks, after, say, a collision. The container has been developed 
in conjunction with the Ministry of Mines, and in principle it is 
similar to the Davey lamp used in mines. Assuming that the 
whole atmosphere round and inside this container is of an inflam¬ 
mable nature and that the emergency transmitter is put into 
operation, then if a spark or explosion should occur inside the 
container, it will not be able to ignite any inflammable gases 
outside the container. Moreover, the design is such that an 
explosion occurring inside the container will do no vital damage to 
the transmitter. 

The transmitter assembled for use in the flameproof con¬ 
tainer is known as Type 335F, and details are shown in fig. 584. 



Fig. 584. T 3 ^e 336F Flameproof Transmitter. 
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The method of controlling the keying entails the use of two 
keys. The key which actually makes and breaks the current is 
mounted inside the emergency set structure. Another key mounted 
externally on the operating desk is mechanically coupled by means 
of a rod to the key inside the container. 

The Type 885 Transmitter is provided with an aerial ammeter, 
transformer coupled. The Type 885F Transmitter has in place of 
the transformer coupled ammeter a hot wire ammeter. If this 
ammeter fails at any time, then the meter should be shorted, 
otherwise transmission and reception may be affected adversely. 
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CHAPTER XXXI 

TRAWLER APPARATUS 

O F late years the advantages to be gained by installing wireless 
apparatus on board trawlers have become so manifest that 
we have thought it right, at this stage, to introduce a chapter 
dealing exclusively with wireless apparatus designed specifically 
for use on such vessels. 

Trawlers do not normally come under the Board of Trade 
Regulations which demand compulsory wireless installations and 
so the development^of trawler wireless has for many years been 
rather neglected. Even up to some five years ago wireless 
apparatus was not generally fitted throughout a trawler fleet 
but only on the “ admiral’s ” ship. 

Such installations as existed worked on a wavelength of 220 
metres and gave good communication over ranges of about 500 
miles at night and half that distance by day. 

The requirements for trawler installations are robustness, 
efficiency, compactness, simplicity and certainty of operation, and 
cheapness, and the problem of fulfilling all these requirements 
was by no means simple. 

At first only small sets were used, using a battery-driven H.T. 
generator of some 60-100 watts, and these met all normal require¬ 
ments when the trawlers were operating in British waters, but 
as the ships increased in size and their fishing range was increased, 
the demand for more powerful sets arose and at the present time 
the following sets made by the Marconi Company are available. 

• For short ranges in home waters a small telephone set worked 
off a 12-volt battery and providing communication up to 200 miles 
is employed. This set can also work on telegraphy, C.W. or 
I.C.W. and has a wave range of 100-200 metres, with a further 
extension to 600-800 metres by the addition of another panel. 

For longer ranges, say up to 400 or 500 miles, a telephone/ 
telegraph transmitter is available operating on the same wave 
ranges out driven from a 36-volt battery. Finally, for long range 
working up to 800 or 900 miles, a third set is available, also 
operating on the same wave ranges and driven from a 86-volt 
battery of a much more powerful construction. 

So much for transmitters. Associated with these transmitters 
are various types of receivers, which will be found fully described 
in this chapter. Apart from these, however, the advantages of 
having direction finding equipment and depth-sounding gear 
installed on the trawler are obvious, the former aiding navigation 
and the latter of great use in actual fishing. As regards direction- 
finding equipments, the ideal trawler direction finder would not 
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require an experienced operator to work it. But in addition to 
this and the other requirements laid down at the commencement 
of the chapter, the direction finder should possess a frame suitable 
for fitting on the deck of a trawler wheel-house and should be 
operated from the wheel-house. 

Finally, with respect to depth sounding, it has long been the 
desire to take continuous soundings without the use of ,a lead line. 
The principles relating to this branch of marine wireless installa¬ 
tion and a decription of the apparatus available have been covered 
elsewhere and the reader is referred to Chapter XX for full 
information. Normally the requirements are for a form of 
apparatus measuring accurately up to 360 fathoms, but in many 
cases a set which will read accurately only up to 90 fathoms or 
less will satisfy requirements. 

MARCONI TRANSMTITERS 
Transmitter Type 517/518 

This transmitter is designed specially for use on trawlers. A 
photograph is given in fig. 585. The wave range of the transmitter 
is from 109 metres to 200 metres or from 120 metres to 230 metres 
continuously by a single knob tuning. The tuning knob is fitted 
with a ball catch device for selecting predetermined wavelengths. 
Adjustments of taps on the inductance are made by removing the 



Fig. 585. Type 617/8 Transmitter. 
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cover plate on the sifle of the transmitter. The cover plate on 
the left-hand side of the front panel is used for main connections 
and a smaller plate on the right is for coupling up the 600-800 
metres adaptor type 518 when required. 

All the components are mounted on the back of the front 
panel. The valves fit into sockets arranged in a shelf at right 
angles to, and at the back of, this panel. The valves used are 
two DET.l’s. The left-hand valve is the modulator and the 
right-hand valve the oscillator when operating the set on “ Phone,” 
while both valves are switched in parallel by the “ Phone-Morse ” 
switch, and act as oscillators when operating on “ Morse.” 

The transmitter is provided with a feed current milliammeter 
and an aerial ammeter. 

Instructions for operating the “ Phone ” are engraved on a 
metal plate fixed to the front panel in order that the transmitter 
may be operated by unskilled personnel. 

Two switch handles projecting through the front panel control 
the change-over switch from telephone to telegraph operation. 
The left-hand switch controls the alternating supply for inter¬ 
rupted continuous wave transmission. The A.C. supply of 
50 volt-amperes is transformed to a suitable value and supplied 
to the two valve anodes in parallel by the modulation transformer. 
The right-hand switch places the two valves in parallel, isolates 
the secondary of the microphone transformer, and changes the 
position of the anode tap. The change of tap is necessary to 
compensate for the change in frequency caused by the added 
capacity of the second valve. 

Two plugs attached to the microphone are provided and when 
inserted in their respective sockets at the bottom of the front 
panel, automatically light the filaments and when the machine 
is running, form the entire control for the operation of the set 
on “ Phone.” These plugs should be removed and the second 
three-prong plug attached to the morse key when it is required 
to operate the transmitter on “ Morse ” (C.W. or I.C.W.). 

Two small red indicator lamp covers are arranged on the front 
panel, having two small lamps behind them. These lamps are 
dimly lighted when the valve is switched on. The circuit is 
arranged in such a manner that should one filament of the valve 
circuit become disconnected—either by breakage of filament or 
other reason—one of the small lamps will light brightly and 
indicate which valve is faulty. 

The filaments of the valves are in series and supplied from a 
12 -volt battery. The high tension and A.C. supplies are obtained 
from the power unit type 519, having a maehine type 520. This 
machine is a generator plus alternator, having an input of approx¬ 
imately 19 amperes at 11 volts, and two outputs as follows : 

(1) D.C. high tension of 100 milliamps. at 800 volts. 

(2) 1.25 amperes at 40 volts R.M.S. 800 cycles. 

Listening through control is obtained by the relay operated 
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by the switch in the microphone handle wfien on “ Phone ” and 
by the telegraph key type 316 when on “ Morse.” 

Transmission on 600-800 metres is obtained by use of the long 
wave adaptor unit, type 518. This unit contains a condenser, 



Fig. 686. Wiring Diagram Transmitter Type 517. 
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variometer, switch, and suitable 
terminal board for inter-connec¬ 
tions to the transmitter panel 
type 517. The switch changes 
the anode, grid and aerial con¬ 
nections from the short wave 
tuning inductance to that in the 
long wave unit, through the 
inter-connecting leads from ter¬ 
minals engraved “ A,” “ A',’’ 

“B,” etc. The com¬ 

plete wavelength range, from 
590-810 metres, is obtained by 
swinging the rotor of the vario¬ 
meter from 0 to 100 on the 
tuning scale. The tappings of 
the inductance may be varied 
to suit different aerial con¬ 
ditions by removing the cover 
plate on the right-hand side of 
this unit. The long wave unit is only intended for use on 
“ Morse,” i.e., telegraph transmission, C.W. or I.C.W. 

A similar ball catch device as is used on the type 517 tuning 
knob for locating spot wavelengths is provided on the long wave 
unit. 

The operation of change-over from long wave to short is per¬ 
formed by switching the “ Long-Short ” switch to the range 
desired. 

Wiring diagrams of the 517 transmitter and the 518 long wave 
units are shown in figs. 586 and 587. 

Tuning 

Tuning of the 517 is carried out in the following manner ; 

The side cover plate should be removed and the transmitter 
tuned by raising or lowering the top tap to suit aerial conditions. 
The positions of anode taps, earth and grid connections are set 
before delivery and should not normally require alteration. 

The five leads exposed to view on removing the cover plate 
on the right-hand side of the transmitter are as follows, com¬ 
mencing at the bottom of the inductance : 


(11 Grid connection 6 

(2) Earth connection 11 

(3) Anode tap connection 17 (Morse) 

(4) Anode tap connection 22 (Phone) 

(5) Aerial connection 80 


These connections are made with flex leads to clips. The 
connection to the inductance is made by screwing the knurled 
edged nut down and clamping the washer to the inductance and 
clip. The second anode tap connection is provided in order to 
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compensate for the change in the emitted frequency caused by 
switching the two valves in parallel when operating on Morse.’ 
It is important that these anode tap connections are not disturbed 
from the set positions. If, in exceptional circumstances, it 
is felt necessary to rearrange all the taps, then it must be re¬ 
membered that the “ Morse ” anode tap must be at a position 
five turns below that of the “ Phone ” anode tap. 

With the “ Relay Filament ” ping inserted in the correct 
sockets, the valves alight as indicated by the red lamps and 
the H.T. machine running, the switch in the microphone handle 
should be depressed and the feed current and aerial current noted. 

The transmitter will cover from 109 (2,750 kc.) to 200 metres 
(J,500 kc.) over the complete swing of the tuning knob across its 
scale from 0 to 100 or from 120 metres (2,500 kc.) to 230 metres 
(1,310 kc.) if the aerial tap is raised approximately five turns 
when the transmitter is being used on an aerial having a capacity 
of approximately 0.0002 M/d. 

The aerial current values on “ Phone ” transmission should be 
of the order of 1.3 amperes from 120 to 200 metres and 0.7 ampere 
from 109 to 120 metres. On “ Morse ” (i.e., telegraph C.W. 
transmission) the aerial current should be 1,5 amperes from 120 
to 200 metres range and 0.4 ampere from 109 to 120 metres. 
I.C.W. transmission should give currents of the order of 1.8 
amperes on the upper and 0.5 ampere on the lower end of the range. 

The modulation of the transmitter when operating on Phone ” 
should be roughly checked in the following way : 

Insert plug marked ‘‘ Microphone,” depress the switch in the 
microphone handle and speak clearly into the microphone, holding 
the microphone in a vertical position. The feed current milli- 
ammeter reading should remain sensibly steady and the aerial cur¬ 
rent should rise approximately 0.1 ampere above the reading made* 
on unmodulated transmission for a. sustained input to the micro¬ 
phone on wavelengths about 150 metres. The quality of modulated 
transmission may be checked by reception in the wave meter. 

When the correct wavelength adjustments have been found, 
the ball catch device should next be adjusted for the required 
fixed wavelengths. The scale indicating the position of the 

E ointer should be marked for these wavelengths, the knob removed 
y unscrewing the centre screw and pulling the knob away from 
the spindle. When the knob is removed, four small brass socket 
clips will be seen clamped to the front panel by means? of a screw 
through the slot to a clamping nut, behind the panel. To adjust 
these clips the screws should be slackened about half a turn and 
the socket clips may be moved in an arc in which the ball catch 
and the knob will have to travel. These clips should be fitted 
in positions previously marked on the scale and the knob replaced. 
The ball catch will now drop into its slots when the pointer is 
at the correct position for any desired wavelength chosen during 
the calibration. 
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With the adjustments of the type 517 satisfactorily completed, 
the tuning of the long wave unit type 518 has to be performed. 
Little or no adjustment of the taps will be required unless aerial 
capacity is very large. It must be remembered that only 
“ Morse ” operation is intended on 600-800 metres (i.e., C.W. or 
I.C.W.) and although telephony is possible it is not permitted 
under existing regulations. 

The tuning of the type 518 may be performed in a very short 
time, and the spot wave clips adjusted in order to permit the 
ball catch to drop into the slots for the required wavelengths. 

Aerial current values to be obtained on the longer wavelengths 
will depend on the dimensions of the aerial to a greater extent 
than is the case with the shorter range. The average values 
will be of the following order: 


Wavelength 

Feed Current 
C.W. I.C.W. 

Aerial Amperes 

C.W. I.C.W. 

600 

130 

125 

1.0 

1.2 

705 

135 

130 

0.9 

1.1 

800 

140 

135 

0.9 

1.1 


Transmitter Type S17M 

This is a modification of the type 517, wherein higher aerial 
power is available through the use of DET.6 valves, and a change 
in the method of telegraph keying has been introduced. 

The transmitter 517M alone does not provide for “ Morse ” 
transmission and is normally supplied for telephone work only. 
When the additional medium wave panel type 518 is supplied, 
then the necessary conversion parts are provided which enable 
the type 517M transmitter to be used on Phone ” or Morse 
adjustment as may be desired. 

The left-hand valve is the modulator and the right-hand valve 
the oscillator when operating on “ Phone.” When operating on 
“ Morse ” both valves are switched in parallel by the “ Phone- 
Morse ” switch and act as oscillators. The filaments of the valves 
are permanently wired in parallel. 

Tne wave range of the transmitter alone, with the extra medium 
wave adaptor, can be arranged to cover from either 115 metres 
(2,610 kc.) to 200 metres (1,500 kc.) or from 126 metres (2,380 kc. 
to 230 metres (1,310 kc.) continuously by single knob tuning. 

A wiring diagram of the 517M transmitter, which differ 
slightly from that of the 517 transmitter, is shown in fig. 588. 

Type TW.12 Transmitter 

This transmitter, a photograph of which is shown in fig. 589, 
is designed to provide wireless telegraph (C.W. or I.C.W.) and 
telephone communication over wavebands of 100-250 and 600-800 
metres, i.e., 3,000-1,200 and 500 and 375 kc. 

The nominal standard aerial circuit rating for this transmitter 
is : C.W. power, 50/60 watts ; I.C.W. and phone power, approx. 
25/80 watts, with 75 per cent, modulation. 

617 



HANDBOOK OF TECHNICAL INSTRUCTION 

The H.T. supply of 1,500 volts at 150 milliamperes is provided 
by means of a machine run off a 86-volt accumulator battery of 
high capacity. The valve filaments are supplied from a battery 










FOR WIRELESS TELEGRAPHISTS 


used solely for this purpose. Where charging facilities exist, both 
batteries are installed with all necessary charging arrangements. 

A master oscillator control for both wavebands is incorporated 
in the set, and in this way good frequency stability is assured. 

The transmitter is contained in a metal case, provision being 
made for easy access to the interior for the .purpose of changing 
valves, etc. The removal of the transmitter from the case 
necessitates withdrawal of the power plug, thus isolating the 
apparatus from the machine. 

The note frequency emitted on I.C.W. is approximately 1,000 
cycles per second. 

The controls are simple. The drive circuit is calibrated to 
provide ready selection of any wave with precision. The wave- 
change switchgear enables one wave in each waveband to be 
selected rapidly and the transmitter requires only an adjustment 
of the output tuning controls for maximum aerial current to 
complete a change of wave. 

A wiring diagram of the transmitter is shown in fig. 590, and 
an installation diagram showing the connections to charging 
boards, power unit, battery starter, etc., is shown in fig. 591. 

Type 527/528 Transmitter 

This installation is of higher power than the TW.12 and is 
designed to operate on telephony and telegraphy over a wave-range 
of from 120-200 metres and on telegraphy only from 600-800 
metres. The complete installation comprises the following units : 



(a) Transmitter type 527, 

(b) Medium Wave Adaptor Unit type 

528, 
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(c) Machine (Generator plus Alternator) type 530» 

(d) Automatic Starter type 531, 

(e) Microphone Control Box, type 532, 

(/) High Tension Smoothing Unit, type 529.. 



Fig, 591, Installation Diagram TW.12 Equipment. 
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A photograph of the transmitter is shown in fig. 592 and a 
circuit diagram in fig. 593. 

The circuit employed is similar to that used in the type 517 
transmitter, with three exceptions, which are as follows : 

{a) A “ sub-modulator ” valve is used. 

(5) A different method of “ keying ” on telegraphy is 
employed. 

(c) The linking terminals B.B' break the oscillator anode 
lead in this case and not the anode tap lead as in the type 517 
transmitter. 

The valves used in the transmitter are: 

Valves Filament Volts Filament Current 

Two M.T.12A 13.25 5.8 

OneM.L.4 4.0 1.0 
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The right-hand valve is the modulator and the valve on the 
left-hand is the oscillator when operating on “ Phone.” The 
filaments of these two valves are in series and should be run at 
18.25 volts each. 

The filament voltmeter is connected across the extremities of 
the circuit containing the two filaments in series, and should 
therefore read 26.5 volts. 

The M.L.4 valve is fitted on the centre line of the baseboard of 
the transmitter and acts as a “ sub-modulator.” 



Fig. 593. Circuit Diagram, Type 527 Transmitter. 
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On “ Morse ” both M.T.12A valves are switched in parallel and 
act as oscillators, while the M.L.4 “ sub-modulator ” is not in use. 
The change-over from “ Morse ” to “ Phone ” is carried out by 
the switch in the top right-hand part of the transmitter. The 
switch is controlled by a handle fitted on an extension spindle 
through the top front panel." The panel has engraved labels 
indicating the correct position for the switch. 

The slow-motion dial tuning control at the top left-hand 
position drives the variable aerial series condenser spindle and 
variometer rotor spindle directly. These two spindles are fitted 
co-axially and the drive is transmitted by the universal coupling 
between them. 

Adjustment of taps on the inductance are made by removing 
the top front panel and/or a side door on the left of the Inductance. 

The aerial must be taken to the aerial insulator on the top of 
the transmitter. The send-receive relay is mounted on the top 
of the transmitter and external to the main frame. A cast coyer 
is fitted over the relay when it has been adjusted. The relay 
is only used as a send-receive switch and is not used for keying 
on telegraphy. Keying on Morse ” is accomplished by opening 
and closing the grid and H.T. negative leads by means of a 
telegraph key. The operation of the relay as a send-receive 
switch is performed by a tumbler switch on telegraphy and by 
the microphone handle switch on telephony. The two switches 
are in parallel, the tumbler switch being fitted on the operating 
table near the key for convenience. 

At the bottom left-hand corner of the front of the transmitter 
a tumbler switch fitted in the front panel controls the type of 
transmission. Engraved labels indicate C.W. and I.C.W. trans¬ 
mission. The switch must always be in the “C.W.” position 
when operating on telephony. 

In a similar position on the right-hand side of the transmitter 
is the filament voltage control. 

The transmitter is provided with four indicating instruments : 

(1) Filament voltmeter, scale 0/30 volts. 

(2) Aerial ammeter, scale 0/6 amperes. 

(3) Milliammeter, scale 0/200 milliamps. 

(4) Milliammeter, scale 0/100 milliamps. 

The uses of the first two instruments in the above list are 
obvious. The third in the list indicates the total feed current 
taken by the two M.T.12A and the one M.L.4 valves. The last 
instrument mentioned reads the modulator valve anode current 
on telephony. When the two M.T.12A valves arc switched in 
parallel for telegraphy, this instrument is removed from circuit 
and does not read. The filaments are lighted from a 30-volt 
battery. 

The power to the valve anodes is obtained from a generator 
plus alternator type 530. This machine is similar to the type 520 
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Fig. 694. Installation Wiring Diagram of 527/8 Transmitter. 


machine used with the type 517 transmitter, but has a greater 
output. Details of the machine are given below : 

Input, 22 amperes, 28 volts. 

H.T. Output, 150 milliamps, 2,000 volts (300 watts 
approximately). 

A.C. Output, 3 amps. 50 volts, 800 cycles, 150 watts U.P.F. 

The method of modulation for I.C.W. on telegraphy is similar 
to that used in the type 517 transmitter. 

Speech modulation on telephony has been improved by the 
introduction of an indirectly heated valve as a “ sub-modulator.” 
The use of this valve gives level speech voltage to the grid of the 
main modulator. This addition to the modulating circuits, 
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together with the use of the new type of microphone, should give 
improved quality and even depth of modulation over a varied 
range of input speech levels. 

There are two alternative methods of installing the machine. 
The standard fitting employs a hand starter, but in special cases 
provision may be made for the fitting of an automatic starter. 

In the standard fittings, where a nand starter is provided, it 
is necessary to use a control box type 546. 

This c6ntrol box is provided to house the microphone and the 
action of the door of this box opens or closes a switch which 
breaks or makes the filament lighting circuit of the transmitter. 
Installation wiring diagrams are shown in fig. 594. 



Marconi Low Power C>mbined Telegraph/Telephone Transmitter 
Type 727 

This equipment is shown in Fig. 595, and its general assembly is 
indicated by the view of the half-withdrawn panels of Fig. 596, 
The circuit of the transmitter is shown in fig. 597. It consists 
of a crystal controlled oscillator Vl driving a pentode amplifier V3 

and V4. Tuning for the cry¬ 
stal stage and amplifier stage 
is preset and selected by the 
switches Si and S2, The 
normal waverange covered 
is from 100-186 metres on 
six spot frequencies between 
these limits. An extra wave 
range of 600-800 metres can 
be provided by the addition 
of the adaptor type 728 or 
728A shown in fig. 598. 
This adaptor is provided 
with four terminals marked 
AE.T., A.T., GRID TAP, 
and E. When in use these 
terminals are connected to 
the correspondingly marked 
terminals shown in fig. 597, 
switches S3 and S4 being 
placed in the 600 metre 
position. Normally only one 
JPT5 valve is used, but when 
working in the 600 -800 
metre band 2 PT5’8 V3 and 
V4 are switched in parallel 
and operate as simple oscilla- 

Fig. 596, Trawler Telegraph/Telephone Trans- forS. The type 728A adaptor 
niitter Type 727. IS used in place of the 728 
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Fio. 596. Low-Power Telegraph/Telephone Transmitter T 7 pe 727, showing assembly. 

adaptor when the aerial has a capacity greater than from .0002 

to .0004 mfd. , ., , , „ j.. 1 V 

Suppressor grid modulation is provided on I.C.W. and telephony 
by means of the modulating valve V2. Keying on telcCTaphy is 
accomplished by earthing the screen of the pentode amphner valve 
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via a relay Zl. Over modula¬ 
tion is prevented by a limiting 
diode V5. 

The output of the microphone 
when using the set on telephony 
is fed to the grid of the modu¬ 
lator valve. 

Microphone or transmitting 
keying is connected to the set 
via the 10-way socket shown at 
the bottoni left hand corner of 
fig. 597. When the transmitter 
keying is in use this is con¬ 
nected to terminals 6 and 7 of 
this socket and when the phone 
plug is in use the receiver of the 
microphone is connected to 
terminals 4 and 5 and the Flo. 598. I>pe 728. Medium wave adaptor 
microphone is connected to for Type 727 Transmitter 

terminals 3, 8 and 9. 

The valves used are as follows :— 

Drive Oscillator DET7 

Amplifier PT5 (one additional valve type VTo is used in 

coniunction with the Adaptor tvpe 728 
or 728A). 

Modulator KTOfi 

Modulation limiter DfiS 

Tuning of the aerial circuit is carried out by an aerial series 
condenser which is always in circuit, in conjunction with a tap on 
the coil. For line tuning, a small variable tuning condenser is 
switched in, in parallel with the series condenser for each frequency. 
Each variable condenser is preset when the transmitter is in¬ 
stalled, by a specially insulated screwdriver (fitted into clips in the 
lid of the transmitter) and the selector switch introduces the 
correct tap and condenser. Additional taps to control the anode 
loading of the valve are connected between the anode and tuning 
coil via the selector switch. 

H.T. power is supplied to the set by means of a rotary trans¬ 
former type 512, and filament supply is from accumulators. 

MARCONI TRAWLER DIRECTION FINDERS 

Direction Finder Type 542/538 

This direction finder has been designed specially for ships of 
the trawler type and comprises a rotating frame, type 542, and 
a simple three-valve receiver, type 538, covering a wave range of 
125-225 and 600-1,030 metres. A photograph of a typical 
installation is shown in fig. 599. 

The Frame consists of a single rectangular rotating loop, 2ft. 
square, mounted on a tall pedestal, 6ft. 9ins. above deck, and is 
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operated by a hand wheel at the lower* extension of the pedestal. 
A stop spring is fitted to prevent the rotation of the frame appre¬ 
ciably more than 860®. 

The lower extension of the pedestal carries a sc^le, which 
rotates with the frame. This scale, doubly engraved, 0®-360® 
to facilitate reading of bearing and reciprocal, is observed against 
a thin cursor line in an aperture above the controlling hand wheel. 



Fia. 599. Type 542/538 Trawler Direction Finding Installation. 


A three-way lead and non-reversible plug form the con¬ 
nections to the amplifier. 

A diagram of the frame is given in fig. 600. 

For sense determination a separate vertical aerial is neces¬ 
sary. This should be erected as nearly vertical as possible and 
normally should be about 10ft. higher than the frame, although its 
ultimate height must be determined by trial. It must clear the 
radius of the frame by at least 7ft. 

The connections of the frame and vertical aerial to the amplifier 
are shown in fig. 601. 
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A diagram of connections of tbe amplifier is shown in fig. 602. 
To operate the amplifier, the lid should be opened and the 
telephone plug inserted in the jack in the centre of the amplifier 
panel. 

The tuning controls of the instrument are calibrated in metres, 


and a single three-position switch, 
at the top centre of the panel, 
controls the circuits for either 
D.F. or “ Sense ” and also serves 
to cut off the battery supplies 
when the amplifier is not in use. 
To protect the batteries from 
unnecessary discharge, the cur¬ 
rent is automatically switched 
off by the hinged protection 
cover of the amplifier case, 
which is normally closed when 
the instrument is not in opera¬ 
tion. 

Placing the three-way switch 
in the D.F. position switches on 
the valve filaments and by set¬ 
ting the wave-range switch to 
the appropriate position and 
tuning the frame and detector 
tuning condensers to the required 
calibrated marks, the required 
station should be heard. When 

Fig. 600. Diagram of Type 542 Frame. 

Fio. 601. (Below) 542/538 Trawler D.F. 

Frame and Aerial Connections. 



HANDWHEEL 
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the desired signal has been iden¬ 
tified, both these two condensers 
should be readjusted in conjunc¬ 
tion with the reaction control to 
obtain maximum signal strength. 

Rotation of the hand wheel 
should produce two positions of 
zero signal—180® apart. These 
two zeros should be sharp and 
clearly defined, and represent 
the “ line of bearing ” relative 
to the ship’s head. 

To determine the correct 
“ sense ” of these two zeros, the 
following procedure should be 
adopted. 

The best procedure for rapid 
determination of sense will be 
found by following the stric.t 
routine of placing and retaining 
the hand on the hand wheel 
directly below the zero showing 
in the scale aperture. The frame 
can then be rapidly turned-90° 
in either direction, and returned 
to the-zero position for the final Fia.603. 
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reading of the top or bottom scale. This routine will obviate any 
confusion or risk of mistakes if consistently carried out. 

On installation it may be necessary to reverse the sense 
indication to tally with the instruction label, and in this case 
the black and white cores of the three-way flexible lead joining 
the frame to the amplifier should be reversed. This should be 
done at the plug and great care taken to remake the connections 
properly. 

It has been remarked that the height of vertical aerial is 
generally about 10ft. above the top of the frame, but this is 
entirely dependent upon the site, and must be adjusted accordingly 
on installation. The length should be such that good sense is ob¬ 
tained on 1,000 metres with tjie sense control just below the central 
position. It must be remembered that for accurate working it 
will be necessary to have a quadrantal error curve made up, and 
reference must be made to this curve when each bearing is taken. 

A definite calibration must be made in order to obtain this 
quadrantal error curve, which can be carried out by a minimum 
of 16 bearings on all parts of the 360^^ compass scale. 

These bearings can be obtained by taking simultaneous visual 
and wireless bearings on known stations, and the corrective curve 
drawn from the differences in the visual and wireless. 

A copy of these corrections should be posted near the installation 
so that the necessary corrections can be applied to the observed 
bearing. 

Direction Finder Type 537/538 

In some cases the type 538 amplifier is used in conjunction with 
a smaller type of rotating aerial type 537, a diagram of which is 
shown in fig. 603. 

The connections to the amplifier from the frame and the vertical 
aerial are similar to those described in connection with the 
combination 542/538. 

Direction Finder Type 537A/552 

A third combination is provided in the type 537Aj552 direction 
finder, wherein the frame aerial type 537A is used in conjunction 
with a type 552 amplifier. 

The 552 amplifier is particularly adapted for fitting and 
operating where limitations of space exist, and as a consequence 
is specially suited to the needs of small craft such as trawlers, etc. 

The two wave ranges of 

110- 250 metres, and 
600-1,050 metres 

permit direction finder bearings to be taken on the marine 
telephony wavebands in addition to the recognized marine and 
beacon bands. 
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Fig. 604. D.F. Amplifier Receiver, Type 552. 
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The receiver incorporates two stages of tuned H.F. screen grid 
amplification, a reaction detector and an output valve. A 
diagram of connections is shown in fig. 604. 

To operate the direction finder, the front of the receiver cover 
should be opened to its fullest extent and then pushed inwards 
along its guides into the space provided. 

When the lid is pushed home it is arranged that the pivot pins 
engage into slots in the runners, so that the lid cannot run forward 
due to vibration or rolling of the ship; this is important and it 







Fig. 605. Type 542/552 Direction Finding Installation, 
must be noted that it is first necessary to lift the edge of the lid 
before it can be withdrawn for closing down. 

The telephones are to be plugged into the appropriate socket 
on the panel face and the receiver switched on. 

Verify that .the sense aeria}'is disconnected from the face of the 
receiver arid then search for tlie desired signal by reference to the 
calibrated tuning dial arid the range switch. 'The reaction 
control should be operated’in step with the tuning, and the knob 
marked ‘‘Frame Tuning ” sjhpuld be used finally to sharpen the 
signal. 

For spark I.C.W. or telephony signals the receiver should not be 
worked too close to oscillation. When operating on C.W. however 
the reaction should be adjusted well past the point of oscillation. 
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Fringe reaction may produce erratic results when rotating the 
frame. 

With the signal carefully tuned in the frame should be rotated 
through 360®, when two minima will be noted 180® apart. ' 

To obtain “ sense ” the following procedure is necessary. 

Plug in the “ sense ” aerial, then turn the frame through 90® 
until the short “ sense ” index is pointing to one or other of the 
previously observed D.F. minima. Carefully note the relative 
signal strengths for the two scale positions with reference to the 
“ sense ” 'pointer and select the weaker of the two positions for 
the true indicated “ direction.” 

Direction Finder S42/S52 

This direction finder assembly, shown in fig. 605, consists of a 
frame aerial type 542 and a direction finding receiver type 552. 

MARCONI TRAWLER RECEIVERS 

For use on small ships of the trawler type, a series of receivers 
has been specially designed by the Marconi Co. The first of these, 
type 394, has for some time been used in small craft. This receiver 
has recently been improved both as regards performance and ease 
of control, and the modified receiver is known as type 394A. In 
addition similar receivers are available for cases where it is desired 
that indirectly-heated valves should be used, and these are known 
by type titles 394C/12 and 394C/30. 

Type 394 Receiver 

This receiver is designed for loudspeaker reception of telegraph 
or telephone signals over a waveband of 100 to 2,000 metres. 
For the sake of privacy or for extreme long-distance reception, 
head telephones are provided and can be used in place of the 
loudspeaker. An output is also, provided for use in conjunction 
with the Marconi marine band repeater equipment, by means of 
which the reproduction of broadcast programmes throughout a 
ship is made possible. 

The receiver may be used with 2-volt, 4-volt or 6-volt valves ; 
2-volt valves are supplied as standard. • 

Two high-frequency screened grid valve stages are employed, 
see fig. 606, and the coils suitable for the tuned anode circuits are 
selected by means of the wave-change switch. 

This switch consists of three barrel switches which are ganged, 
and operated by a single lever. The whole band of wavelengths 
covered by the amplifier is obtained in four ranges, namely : 

100- 220 metres on Range 1. 

220- 500 metres on Range 2. 

500- 900 metres on Range 3. 

900-2,000 metres on Range 4. 
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Tuning is carried out by means of variable condensers. The con¬ 
densers which tune the aerial input circuit to the grid of the first 
valve and the first tuned anode circuit are ganged, and are operated 
by means of the left-hand plated knob. The knob situated on the 
right controls the tuning of the condenser in the second tuned anode 
circuit. It has been found advantageous to operate the tuning of 
this circuit separately in order to obtain maximum benefit when 
reaction is used to sharpen tuning, or to facilitate C.W. reception. 

The valve detector works on the anode bend principle, and a 
pentode output valve is transformer-coupled to the detector. 

As previously mentioned, the battery supply terminals are 
situated on the front of the instrument and are suitably labelled. 
These should be connected up as indicated, H.T.3 and H.T.2 
being joined to the positive 120-volt terminal of the H.T. battery 
and H.T.l to the 72-volt tapping of the high tension battery. 

The grid bias battery, which is connected externally, supplies 
the negative bias required by the output valve. The positive 
terminal of the grid bias battery must be connected to the L.T. 
negative. Where the P.T.2 is used with 120 volts H.T., three 
volts grid bias are required. 

The output terminals labelled “ loudspeaker ” are in the anode 
circuit of the output valve, and may be connected direct to a high- 
resistance loudspeaker, or through a transformer which would be 
incorporated in any type of low-resistance loudspeaker employed. 
If a loudspeaker is not required, low-resistance telephones may 
be employed, in which case an external telephone transformer 
may prove beneficial. 

Variable coupling is introduced between the aerial and the 
first tuned circuit. This provides a convenient form of volume 
control which prevents saturation of the detector circuit when a 
very strong signal is being received. 

Type 394A Receiver—General Description 

The receiver type 394A is similar in general electrical design to 
the type 603 but includes many modifications, many of which 
are made possible by improved technique in valve design, and 
some of which overcome certain troubles which have become 
noticeable in the earlier types of receiver. In addition to this, 
simplification in control has been aimed at, while an improvement 
in performance—so far as range is concerned—has been obtained. 
Actually, the selectivity is of a somewhat lower order than that 
on the earlier type, but this is desirable owing to the conditions 
under which it is generally employed. A photographic view of 
this receiver is shown in fig. 607. 

It employs 2-volt directly-heated valves and a 120-volt H.T. 
battery. 

The single-knob dial is illuminated by means of a small 4-volt 
lamp, thus enabling the receiver to be utilized in dark corners 
without difficulty. It may either be installed alone as a single 
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Fio. G()7. Type^394A Receiver. 


unit, or may be utilized in conjunction with low-power telephone 
or telegraph sets. 

Since it includes the broadcast wavebands, it may be used for 
taking weather reports from B.B.C. stations or foreign broadcasting 
stations. 

Certain changes have been made in the mechanical layout and 
design of the set, both to reduce weight and to increase accessibility 
and ease of maintenance. 

Electrical Design 

The receiver consists of two stages of high-frequency 
amplification, a detector on which reaction is available and one 
output stage. This output stage may be either of the pentode 
type or the power valve type, according to the duties required o(‘ 
the receiver. 

The aerial coupling is arranged to suit the various wave ranges 
of the receiver, and gives improved results over that used in the 
894. 

The three tuned stages are all carefully ganged, and a single 
dial only is required for fine tuning within any given wave range. 

Four wave ranges are available, these being approximately : 

(a) 3,000-1,100 kc. ( 100- 270 metres). 

(b) 1,250- 260 kc. ( 240- 650 metres). 

(c) 546- 200 kc. ( 550-1,500 metres). 

(d) 215- 150 kc. (1,400-2,000 metres). 

The fourth wave range is obtained, not by the use of a fourth 
tuning coil, but by adding a parallel condenser of .0004 fiF, 
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capacity in parallel with the normal tuning condenser of approxi¬ 
mately .0005 /LtF. maximum capacity. This parallel capacity 
must be added on all three tuned circuits, and consequently it is 
necessary to have the three .0004 /xF. condensers accurate to 
within ± 1 per cent, of one another to ensure correct ganging. 

The particular wave-range which is required is selected by a 
switch, this latter being engraved with the appropriate figures. 

Reaction is obtained by feed-back through the .0003 ptF. 
variable condenser to a coil magnetically coupled to the tuning 
coil in use in the anode of the second screened grid valve. This is 
a slight improvement on the 394 receiver as it gives greater, 
overall amplification on the H.F. side. 

In the anode of the detector valve an H.T. filter is included to 
reduce to a minimum the amount of high-frequency voltage passed 
on to the grid of the output valve. 

The output stage which is transformer-coupled to the detector 
stage may be either a pentode or a power valve, according to 
requirements, a pentode giving greater range, a power valve 
giving greater volume of output. 

In the anode of the output valve is a transformer having a 
step-down ratio of 45 : 1 and 15 : 1. The 45 : 1 is taken to the 
loudspeaker terminals, and the 15:1 ratio to the phone terminals. 

One of each of the terminals marked ‘‘ Loudspeaker ” and 
“ Phone ” is earthed, so that there is no danger of a shock occurring 
if any of these terminals are inadvertently touched. 

Volume control is obtained by means of the grid bias potentio¬ 
meter, which varies the negative voltage on the grids of the 
variable-mu screened grid valves. 

A further aid to volume control is the local-distant switch on 
the left-hand side of the receiver. Normally, the aerial goes 
through a small condenser before being coupled to the first tuned 
circuit of the receiver, and the local-distant switch is arranged to 
short this condenser when in the “ distant ’’ position. 

In series with the volume control potentiometer is a 100-ohm 
resistance, which prevents the grids of the variable-mu screened 
grid valves ever becoming more positive than —1 volt. 

The grid bias for this volume control is obtained by tapping 
the first 12-volt section of the high tension battery. 

As will be seen from the wiring diagram of the receiver (fig. 608), 
the negative of the high tension battery is connected to G.B. —, 
the 12-volt tapping of the H.T. battery is connected to H.T. ~, 
and through the on/off switch to L.T.—, the other tappings of 
the battery being normal. 

A special double-pole on/off switch is utilized in this receiver, 
so that when the receiver is “ off ” the 12-volt tapping is insulated 
from L.T. — and earth, and therefore the battery may be charged 
without any fear of'earthing the mains. 

The bias for the output valve is obtained from two resistances 
in series, these resistances having engraved on their holders the 
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Fig. 608. Wiring Diagram of 394 A Receiver. 
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Fio. 609., Wiring Diagram of Type 394C/12 Receiver. 
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Fio. 611. Installation Wiring Diagram of Receivers Type 394C/12 and 394C/30 in 
Conjunction with Transmitters, Type 517 and 527. 
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letters “ A ” and “ B.” When a pentode valve is used as an 
output valve, resistance “ A ” should be 1,000 ohms and resistance 
“ B ” should be 3,000 ohms. When a P.2 power valve is used as 
an output valve, resistance “ A ” should be 2,000 ohms, and 
resistance B ” 1,000 ohms. 

Normally, the receiver will be sent out with this resistance set 
for a power valve type P.2, but a spare 3,000-ohms resistance will 
be included with the holding-down screws for the receiver. 

Decoupling of the anodes of both H.F. valves, as well as the 
screens of these valves, is provided, so that a maximum H.F. 
stage gain can be obtained. 

A small lamp has been included in the front of the panel, whieh 
illuminates the dial when the receiver is switched on. This lamp 
is controlled by the on/off switch of the receiver, and serves to 
indicate when the receiver is switched on, as well as to illuminate 
the dial. 

394C/12 and 394/C30 

These receivers are similar to the type 394A receiver in circuit 
details, but employ indirectly-heated valves having 4-vplt 1-amp. 
heater elements. 

Where the main transmitter filament supply is 12 volts, a 
394C/12 receiver (fig. 609) is applicable; where 30.volts, the 
394C/30 receiver (fig. 610) would be fitted. 

High tension supply is obtained from an anode converter, which 
is run from the same battery as is used to supply the heater 
circuit of the receiver. The converter machines for the two 
receivers are known as 547/12 and 547/30 respectively. The high 
tension supply to the receiver is taken through a smoothing filter, 
type 548, before being connected to the H.T. terminal on the 
receiver. 

The installation diagram for either of these receivers, in con¬ 
junction with either the type 517 or the type 527 transmitter is 
shown in fig. 611. 

SIEMENS BROTHERS SMALL SET 
Telephone Transmitter/Receiver, SB.322A 

The transmitter and receiver of the low-power set which is 
designed for wireless telephony transmission on small vessels and 
cargo ships of less than 1,600 tons gross, so that it can be operated 
by any of the ship’s staff, is illustrated in fig. 612. This shows the 
complete equipment in which the transmitter unit is in the upper 
half, the receiver in the lower, and the switches, instruments and 
cut-outs to control the power supplies associated with the 
installation are mounted on a panel between the two units. The 
power for the transmitter is obtained from .a 36-volt battery 
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which is charged as and when power is available. In the case of 
ships which do not have an electric supply, the battery must be 
charged when the ship is in port, or replaced by one that is fully 
charged at frequent intervals when she calls in port. A separate 
6-volt accumulator supplies current for the receiver, transmitter 
and oscillator filaments. 

In a cupboard below the 
main units an automatic 
starter and rotary converter 
are fitted, which transform 
the 36 volts from the storage 
battery to the 1,000 volts 
required for the supply to the 
valve anodes. The circuit 
arrangements of the trans¬ 
mitter and receiver are shown 
in fig. 613. ’It will be seen 
that the transmitter is pro¬ 
vided with a master oscillator 


Fig. 612. Siemens Small 
Ship Set, SB.322A. 


valve to ensure the maximum 
stability in the emitted wave. 
The other two valves are am¬ 
plifiers, and the master os¬ 
cillator and aerial circuits are 
tuned to any required fre¬ 
quency in the allotted band 
by means of two control knobs 
on the front of the instru¬ 
ment, which can be locked 
when the correct setting has 
been made. 

For tuning to 600 metres, a separate switch is provided on the 
front of the transmitter. This is used for international radio 
telegraphy calling and for distress purposes. The receiver is a 
four-valve instrument employing two H.F. stages and one 
rectifier and one L.F. stage, and covers all frequencies used in the 
Marine Service between 150 and 3,000 kc. (2,000-100 metres), and 
so enables the weather forecasts and navigational warnings 
broadcast by the B.B.C. on the long National wavelengthto be picked 
up. The speaking circuit of the modulating valve is completed 
via the send-receive switch, the type of service provided being a 
“ simplex ” one, i.e. a change-over has to be made at both ends 
for speech to tak^ place in the opposite directions. 
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Fio, 613. Siemens Telephone Transmitter/RemTer S.B.322A Circuit Diagram. 
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Telephone Transmitter/Receiver Type S.B. 422 

This set has the same circuit arrangements as the S.B.322A, but 
it is designed to provide a lower aerial power. Fig. 614 shows an 
exterior view of the combined transmitter and receiver, the former 
occupying the right-hand side and the latter the left-hand side of 
the instrument. 



Fig. CM. Siemens Brothers Telephone Transrnitler/lleceiver Type S.B. 422. 

Meters are provided for reading aerial (jurrent, plate current 
and filament voltage, and controls for adjusting aerial tuning 
and the master oscillator. The wave-change switch for the 
receiver is shown at the top left-hand and the transmit/receive 
switch at the top right-hand of the illustration. 
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CHAPTER XXXII 

MAINTENANCE OF MARINE RADIO INSTALLATIONS 
AND POSSIBLE FAULTS 

I N addition to the ordinary wear and tear that it is impossible 
to avoid in any wireless installation we have in the case 
marine equipments additional deterioration caused by the 
rough service that they are subjected to and by the constant 
effect of salt sea air and moisture. 

In order to keep such installations in efficient working order, 
it is necessary that each set should be subjected to periodic over¬ 
hauls, and in addition, that any ordinary fault should be instantly 
rectified. In the following chapter, therefore, rules for these 
overhauls and information as to the correct procedure in locating 
and rectifying faults in either transmitting or receiving equip¬ 
ment will be given. This information can be conveniently 
divided into three sections. 

(a) Care of batteries, generators and switchboards. 

(6) Care of transmitters. 

(c) Care of receivers. 

Batteries 

1. Primary batteries. 

Dry cells which are used on transmitters for grid negative, 
and on receivers in some cases for valve lighting, and in 
all cases for grid negative, should be stored in a suitable 
compartment which should be dry and cool. It is advisable 
to store these cells in a vertical position so that any gas 
generated may obtain free access from the cell to the top. 
In the case of inert cells, when these are required for use, 
they should be filled with pure distilled water, allowed to 
soak for half an hour, and refilled ; after this no more water 
should be added. 

If soldered connections are necessary, a very hot soldering 
iron should be used and joints made as soon as possible. 

In the case of batteries of dry cells, these should be placed 
in an as accessible a position as possible as it is most important 
that the whole battery should be kept clean and dry to avoid 
leakage, hence the individual cells should be frequently examined 
to see that no solution is creeping out round the terminals, and 
any salts round the terminals should be instantly removed. 
Wnen the terminals are thoroughly clean, a little vaseline can 
be smeared on them with advantage. 
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Secondary Batteries or Accumulators 

It is essential in dealing with, accumulators 

1. To compile charts of charge, discharge, and hydro¬ 
meter readings together with records of faulty cells. 

2. To keep the cells topped up with pure distilled water 
only. 

3. To keep all vent plugs clear, conneetions tigh£ and all 
parts of the battery elean. 

Special attention must be paid in the case of high voltage 
accumulator batteries to insulation. The batteries should be 
placed on suitable stands, and should, where possible, be 
additionally insulated by glass and oil insulators, an arrangement 
of double glass supports between which is poured oil to prevent 
leakage due to acid creeping. 

The nominal ampere hour capacity of accumulators is very 
seldom realized on discharge in practice. The cells should be 
charged when the voltage of any cell has fallen below 1.85. 
Charging should always be given at the rate stated on the in¬ 
structions sent with the battery, and should never be exceeded. 

Hydrometer readings give good indication of the state of the 
battery. The normal specific gravity of the acid solution should 
be 1.17 when the cell is first filled, this rises to 1.215 when 
the cell is fully charged, and drops to 1.15 when it is fully 
discharged. 

The colour of the negative plates when fully charged should 
be a light or blue grey, and chocolate in the case of the positive 
plates. The plates should all be gassing freely and to an equal 
extent, though this last condition is no accurate criterion of the 
fully charged state of the battery. The charge should not be 
completed until the voltage had remained at a maximum 
stationary value for some time. 

The importance of keeping all surfaces of the accumulator boxes 
or containers clean and dry cannot be too greatly emphasized. 
After gassing, when a certain amount of acid will have been 
sprayed out, these surfaces must be wiped off with a clean rag. 
If signs of corrosion of any of the metal parts should appear, 
they should be cleaned with weak ammonia, or a soda solution 
and smeared with vaseline. 

The presence of a white deposit on any of the plates and at 
the top of the electrolyte is an indication of sulphating, and 
cells in which this phenomenon is noticed should be at once 
examined for faults. Sulphation decreases enormously the 
working capacity, and is a fault that is very common and due 
mainly to neglect or misuse of the battery. 

Charging and discharging leads should be kept as far as possible 
apart, and should not run parallel to one another if this can be 
avoided. In such a manner extraneous noises in receivers and 
transmitters can be, as far as possible, eliminated. 
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Generators 

Two points must be strictly adhered to if rotating electrical 
generators are to work in an efficient manner. 

1. All parts should be kept scrupulously clean. 

2. Any fault, however trifling, should be at once remedied. 

Machines must be kept as dry as possible and no dust or dirt 

allowed to collect in any of the interstices. All such dirt should 
be cleaned out with a rag, or blown out with bellows. 

Faults in generators are generally indicated by an excessive 
temperature rise of the faulty part. All parts should therefore 
be tested occasionally for cool running, and after the machine 
has been stopped its interior parts can be checked for temperature 
rise. 

It is advisable to duplicate machines where possible to avoid 
service breakdowns, and where so duplicated, they should be run 
alternately so that each machine gets the same amount of work. 

Commutation troubles are perhaps the most frequent of any 
generator faults. The aspect of the commutator affords a good 
indication of the condition under which it is running. It should 
possess a highly-glazed clean appearance, but if sparking is 
occurring at the brushes, the commutator will get black, and 
the sparking will become worse unless instant remedies are 
adopted. In such a case the tension of the brushes on the 
commutator should be tested, and the commutator cleaned with 
mineral oil and a rag, or if it is in a bad state, with glasspaper. 
The causes of sparking are : 

1. Brushes not in correct position. 

2. Incorrect brush pressure. 

8. Brush-holder loose. 

4. Friction of brush in holder. 

5. Dirt and oil. 

6. Mica insulation standing up above the copper of the 
commutator strips. 

7. Irregularities in the copper strips of the commutator. 

8. Play in armature bearings. * 

9. Broken armature coils. 

Correct lubrication of all bearings is essential. In general, 
there are three methods of lubrication employed : 

1. Ring lubrication. 

2. Drip lubrication. 

8. Grease cap lubrication. 

In the case of ring lubrication it is very necessary that the oil 
should be periodically drained out of the oil-well and fresh clean 
oil put in. The most general causes of sticking of oil rings are : 

1. Dirty oil. 

2. Bent or dented ring. 

8. Pressure of ring against one side of groove in bearing. 

In the case of drip lubrication, the oil cups should be removed 
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frequently and cleaned. The only cause of failure in this method 
of lubrication is dirt. 

In the case of grease lubrication the lubricator must be kept 
well filled with grease. When the generator is running an 
occasional turn of the cap should be made so as to feed down 
the grease on to the bearing as it gets used up. 

Major faults in generators need expert attention, and this 
cannot generally be given while the ship is at sea. Minor faults 
such as seized bearings, incorrect adjustment of brushes, loose 
connections, and external insulation troubles can, however, be 
located and rectified. 

Switchboard Attention 

Faults in switchboards will generally be found to be mechanical 
in nature. Such faults include failure of simple switches, loose 
connections and the like. The correct adjustment of automatic 
switchgear, and the internal adjustment of measuring instruments 
need expert attention, and these instruments should not be 
tampered with unless absolutely necessary. 

Occasional overhauls of the switchboard should be given. 
All connections should be tightened, switches cleaned, fuses 
renewed, and all rotating mechanisms cleaned and oiled. 

Ninety per cent, of the insulation faults which develop in 
switchboards will be found to be due, either directly or indirectly, 
to dirt, and perfect cleanliness is essential. If any lead is found 
to be running hot, this lead should be examined for continuity and 
resistance, and good contact to its terminal or joint, and where 
necessary, renewed. 

Finally, the switchboard itself, whether of slate, marble, 
ebonite, or other materal, should be rubbed down regularly with a 
slightly oily rag. 

General Notes on Radio Testing 

Testing may either consist in ascertaining that any piece of 
apparatus is in working order and correct adjustment, or in 
localizing any defective part of any piece of apparatus which is 
not in working order. Operations of the first type are generally 
carried out in specially equipped workshops or laboratories, but 
it is frequently necessary to carry out the second type of operations 
at sea under emergency conditions. 

All simple tests may be divided into tests for continuity or 
for insulation. Continuity tests must be carried out with a 
* source of E.M.F. and some sort of measuring instrument, usually 
a linesman’s galvanometer. A telephone may be used in place 
of the galvanometer where intermittent changes of continuity 
are to be detected. Very small changes in current through the 
telephone will produce loud clicks. 

In cases where the bare knowledge that the continuity exists 
is not sufficient, some idea of the resistance of the apparatus 
may be obtained by the use of the galvanometer. The aeflection 
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of the galvanometer when joined directly to the source of E.M.F. 
and when joined to the source of E.M.F. through the resistance 
to be measured is compared, and the comparison will afford a 
simple and rough idea of the value of the resistance. 

Insulation tests can also be undertaken in some cases with a 
cell and galvanometer. In such cases, the absence of any 
deflection is, of course, the indication of insulation. 

When testing for insulation, the capacity to earth of the 
apparatus under test may have an appreciable effect on the 
momentary current which passes through the galvanometer, and 
only the steady deflection therefore must be taken as a criterion 
of insulation. 

Where possible all apparatus should be tested at least at its 
working voltage. All parts except the parts of high tension 
apparatus can be tested at the potential of the ship’s mains, 
using, a lamp in series with these mains. In all cases where 
possible extraneous leads from the apparatus under test should be 
removed to avoid doubt as to the location of the fault. The 
best practice is first to join up the test lead to the article under 
test, then to connect to the mains on the earth side and finally 
to touch the other main with the end of tlie other wire. 

Mains testing is perfectly simple provided due precautions are 
taken. A lamp is generally used to record the passage or absence 
of current, and it is essential to make certain that the lamp is 
connected in such a way that one pole of it is at earth potential.. 

Any article in the apparatus which works at high potential 
and possesses capacity, may acquire a considerable charge, 
and should be discharged by an earth lead after switching off 
the high tension and before touching it. 

Care must be taken to avoid overtesting. The only apparatus 
which can require high tension testing such as might be obtained 
from the emergency apparatus are transmitting condensers, 
power transformer secondaries, aerial tuning induetances, smooth¬ 
ing condensers, rectifying valve filament circuits, high tension 
supply circuits and feed condensers. 

Receiving instruments may be tested for insulation from the 
ship’s mains provided that a low powered lamp is used as indi¬ 
cator. The full load current of a 20 watt 200 volt metal 
filament lamp is about 100 milliamps. This current will be found 
sufficiently small for most purposes, and if necessary one or more 
of these lamps can be joined in series. 

Care of Transmitters 

The general design of the standard apparatus used in any of 
the low-power sets described in this book is of such a nature 
as to render it almost “ fool-proof.” The dimensions of all parts 
are generally such that they can carry loads much heavier than 
those used in actual practice without fear of injury ; and the 
insulation is of a most substantial character. Nevertheless, 
the nature of the service demanded from the apparatus is the 
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occasional cause of a breakdown. The vibration of a ship in 
a heavy seaway may result at any time in minor breakages, 
such as the snapping of a wire, or the working loose of a connec¬ 
tion, but as a rule in a properly installed equipment very few 
occasions arise on which a fault may not easily be rectified. 
During an examination for the Postmaster-General’s certificate 
of efficiency, however, the candidate is often faced with an 
installation in which a great number of superficial faults have 
been made in order to test his knowledge. The various circuits 
will therefore be once more discussed bearing this fact in mind. 

Spark Transmitter 

In the chapter on spark transmitters it was pointed oat that 
the circuits of these transmitters could be conveniently sub¬ 
divided into : 

1. The direct current circuit. 

2. Primary circuit. 

3. H.T. and closed oscillatory circuits. 

4. Radiating or aerial circuit. 

The Direct Current Circuit 

The converter must first be run up. The main switch is 
therefore closed after making sure that the starter is “ open,” 
and the starting handle brought over on to the first stop. Perhaps 
the armature will not commence to rotate. Should the guard 
lamp across the armature glow, it indicates that the feeding and 
distributing mains are properly connected to the main switch, 
and that the fuses of the latter are intact. The brushes may 
then be examined to see if they are making proper contact with 
the commutator. After the brushes have been properly adjusted, 
a second attempt may be made to start the machine. If the 
armature still fails to rotate, a heavy arcing spark may be found 
to take place between the contact of the starting handle and 
the studs on allowing the former to come back to a neutral 
position. This indicates a disconnection in the field circuit, 
and is due to the inductive effect set up by the sudden breaking 
of a circuit containing inductance (the armature coils). 

The field circuit may be found to be interrupted at any of 
the following points ; 

One or both ends of the no-volt release winding may have 
been disconnected from the terminals on the face of the starter. 
A break may have been made in the series resistance of the field 
regulator or the starter, or one of the leads between the various 
parts of the circuit may have been disconnected. The connection 
from one end of the field winding to the brush, which is common 
to both field and armature circuits, may have been disconnected. 
Any external disconnection may, of course, be easily found and 
remedied. A break in the resistances may be found by first 
disconnecting the starter and field regulator from all leads, and 
by placing a galvanometer and dry cell in series between each 
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pair of adjacent studs. A deflection of the galvo needle indicates 
that the connections are all right. 

After successfully starting the armature, it may be found that 
the starting handle will not be held up against the no-load release. 
This may be due to the following causes : 

The no-volt release winding may have been shorted with a 
small piece of wire. The armature of the overload release may 
have been jammed hard up against the stop, thus shorting the 
no-volt release ; or too much tension may have been put on the 
antagonistic spring contained in the barrel of the starting handle. 

Primary Circuit 

After the converter has been run up, a glance at the pilot 
lamp on the A.C. switchboard will show whether alternating 
current is being delivered to the board. If the lamp does not 
glow, the alternating current brushes on the slip-rings, the leads 
from the brushes to the lamp, and the lamp itself should be 
examined and any disconnection made good. 

If the switch on the A.C. board be now closed, and the manipu¬ 
lating key depressed, the armature of the magnetic key, if such 
is used, should vibrate. In the case of the failure of the 
magnetic key to work, the key contacts should be 
examined to see whether paper insulation has been inserted, 
and the connections between the switchboard, transformer 
primaries, iron-core inductance, and keys should be examined. 
If the operator is sure that all the external connections of the 
circuit are right, and if he is unable to obtain a deflection of either 
the voltmeter or ammeter, he may give attention to the connections 
behind the switchboard. A galvanometer may be used to test 
all the internal connections of any part of this circuit in the 
manner already described. 

H.T. and Closed Oscillatory Circuits 

As there is no simple indication of the H.T. circuit being 
“ O.K.” in itself, it may be examined for faults together with 
the closed oscillatory circuit. If the discharger is of the rotary 
disc type, the minimum gap has to be made as small as possible, 
consistent with any inequalities in the lengths of the disc studs. 
The transformer secondaries, and the main condenser banks, 
should then be placed in series or parallel as required, and the 
connections throughout the circuit should be examined. Care 
should be taken to see that the copper strip connections of the 
closed oscillatory circuit are in their correct positions, otherwise 
sparking may take place between them instead of at the spark- 
gap. After all external connections have been verified a spark 
should be obtained. Failing this the choke coils may be tested 
for continuity with a galvo and dry cell. As the resistance of 
the transformer secondaries is several thousand ohms,/ the dry 
cell and galvo are useless for testing them for continuity. The 
secondaries should be tested, therefore, by means of a cell and a 

654 



FOR WIRELESS TELEGRAPHISTS 


pair of telephones joined in series across the terminals, as in 
fig. 615. A hissing sound in the phones on making a rubbing 
contact between A and B denotes continuity. Absence of such 
hissing indicates some internal disconnection, which must be put 
right. 

The main condenser may then be tested for a breakdown, a good 
method being to connect the high tension of the emergency gear 
across the terminals. If a spark be obtained at the discharger on 
depressing the key, the condenser is in good condition. 

Mica condensers, like glass 
condensers, may break down 
partially or completely, and a 
partial breakdown which might 
occur where there are several 
sections in series in one unit 
would still allow an emergency 
spark to be obtained. 

The conclusive test, there¬ 
fore, is to measure wavelength 
with the condenser sparking 
on emergency II.T., when any partial breakdown of a number 
of sections in series would be indicated by an increase in wave¬ 
length. 

When the condensers and transformer are found to be 
electrically satisfactory no difficulty should be encountered in 
obtaining a spark. 

The Radiating Circuit 

As this is a simple series circuit, an examination of the con¬ 
nections is all that is necessary. If a spark gap in the earth lead is 
fitted, it may be examined to see that the two plates are not 
shorted by corrosion or any foreign matter, although a “ short ” 
would affect reception and not transmission. Tests for continuity 
in the oscillation transformer secondary winding and aerial tuning 
inductance may be made by means of a dry cell and galvanometer, 
and, of course, the insulation of the aerial at the “ lead-in ” 
insulator and elsewhere must be examined, as a direct earth would 
result in failure to set up osciljations. 

The Buzzer Circuit 

The buzzer, which is often used for testing and calibrating 
receivers, may be similar to an ordinary electric bell from which 
the gong and hammer have been removed, but generally its 
scheme of wiring is different and it is much smaller. A typical 
diagram of connections of the bell type is given in fig. 616. F is 
an iron frame on which two electromagnets, M, are mounted. 
An armature, D, fixed to a spring, G, is attached to the frame 
and carries a contact, C, which is ordinarily at rest against an 
adjustable contact Q. The iron frame is connected to the 
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terminal marked E, the adjustable contact to terminals marked 

A and K, and the magnet wind¬ 
ing to the frame and terminal 
B. 

If one or two cells be joined 
through a small key, between 
the terminals B and K (battery 
and key), a depression of the 
key allows a current to pass 
through the coils. The arma¬ 
ture, D, is attracted, and the 
circuit is broken at C, the arma¬ 
ture being immediately re¬ 
leased. By this means an in¬ 
termittent current is made to 
traverse the circuit, and a 
small spark is formed between 
the contact points. One of the 
contacts may be connected to 
a short aerial wire (two or three feet), by means of the terminal 
A, and the other may be connected to earth through the terminal 
E; the arrangement thus produced being a feeble plain-aerial 
transmitter, capable of setting up oscillations in the receiving 
circuit if the latter be properly connected up. If the buzzer 
is wired as shown in fig. 616, the waves sent off will have a length 
determined by the length of the short buzzer aerial, but if it is 
wired like an ordinary electric bell the capacity of the buzzer 
itself adds to the resultant wavelength. This would not matter 
if the only effect required was to excite a receiver circuit as a 
test for continuity, but as a method of measuring the natural 
period of the transmitting aerial for instance, it would be faulty. 

The difference between the two methods of wiring is, that the 
call bell generally has the magnet windings connected between 
the terminal marked B and the fixed contact C^, and if 
Cj is connected to the aerial, and the armature contact 
—and therefoi»e the magnet poles and yoke—is connected to 
earth, there exists a capacity between the windings and the 
magnet poles which affects the transmitted wave; whereas 
in fig. 616 the windings and the yoke are both on the earth side 
of the sparking contacts, so that no buzzer capacity is introduced 
to affect the transmitted wave. 

An alternative arrangement of the buzzer circuit, and one 
which is more useful, is obtained by the inclusion of a non- 
inductive resistance coil, R, between the terminal B and the 
frame (fig. 616), the usual value being about 5 to 10 ohms. 

This resistance is, therefore, shunted across the buzzer electro¬ 
magnet windings, and an instrument of this type is called a 
“ shunted ” buzzer, while the ordinary unshunted buzzer is 
called a “ sparking ” buzzer. 



Fio. 616. Testing Buzzer Connections. 
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The shunted buzzer, key, and cells are connected up in series, 
and this combination can then be used to buzz any coil of an 
oscillatory circuit, such as an 
aerial, a receiver, a transmitter, 
or wavemeter for testing or 
calibration purposes. 

Excitation by Means of Shunted 
Buzzer 

Usually, a condenser is em¬ 
ployed for storing up energy to 
excite an oscillatory circuit. 

Energy may, however, be stored 
up by, or applied to the induct¬ 
ance of such a circuit. 

When a current is sent through 
an inductance coil, a magnetic 
field is set up which remains 
constant as long as the current 
remains constant. If the cur¬ 
rent be suddenly interrupted, 
the energy of the magnetic field 
is transferred to the circuit, and 
if the inductance forms part of 
an oscillatory circuit, oscillations are set up. 

In fig. 617 the circuit containing the inductance L, the key K, 
and the buzzer has an intermittent current flowing in it. The 
inductance of the buzzer electromagnet windings ordinarily 
causes a spark to take place between the contacts, and thus the 
interruption of the current takes place more or less slowly. In 
the shunted buzzer, the energy stored in the inductance of the 
magnet windings finds a path through the non-inductive resis¬ 
tance R, and thus the sparking is eliminated, the current through 
L is interrupted suddenly, and the energy stored in L sets up 
oscillations in the aerial circuit. 

If, now, the intermediate condenser be set to a value for any 
particular wavelength, the aerial and detector circuits may be 
adjusted until they are in tune. By altering the intermediate 
condenser values, and by tuning the other two circuits to the 
altered adjustments, the tuner may be calibrated throughout 
for any particular aerial with which it is being used, and thus 
the different circuits may be placed in syntony for the reception 
of any particular wavelength. 

Should the tuner not possess an intermediate circuit, the pro¬ 
cedure is nevertheless the same. 

Valve Transmitter Adjustment and Faults 

Valve transmitters are of necessity more complicated in design 
than spark transmitters and consequently require more care and 
attention. 



Fig. 617. Excitation of Any Form of 
Tuner by Means of Shunted Buzzer. 
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The normal C.W. installation requires two important adjust ' 
ments to be made; one is the position of the anode tap and the 
other is the correct setting of the reaction coil. Both these 
adjustments are made originally at the works before the set is 
sent out and are recorded on the calibration charts supplied. 
These adjustments should not be altered. If it is desired to 
reduce power, and if the set is not fitted with a power regulator, 
the inductance in the low-frequency choke must be increased. 

All ships fitted with Marconi valve transmitters are supplied 
with a neon-tube wavemeter of the type previously described. 
This wavemeter should be held somewhere near the transmitting 



set while a long dash is being made, and the setting of the wave¬ 
meter found when the tube lights up during a long dash on the 
transmitter. The tuning on most C.W. sets is very sharp, and 
care must be taken not to miss the adjustment at which the lamp 
glows. 

OncjB the C.W. set has been properly installed, the only main¬ 
tenance which should be required is that of changing valves when 
they become unserviceable. 

This may occur through one of two reasons : 

1. The filament may have fused. 

2. The valve may have become soft. 
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The working life of most valves should be of the order of 
1,000 to 2,000 burning hours. 

If the filament of a valve has burnt out the valve is useless 
and.may be at once disposed of. 

The softening of a two-electrode valve can generally be detected 
by the appearance of a blue glow inside. If this happens the 
filament must be at once brought up to full brilliancy and feed 
current of about a quarter of the maximum should be passed 
through it for a short time. In this way a soft two-electrode 
valve can be made as good as new. 

If new valves have to be put in, care must be taken in dealing 
with the flexible connections which protrude from them. 

A typical simplified C.W. circuit is given in fig. 618, with its 
various sub-divisions. 

The filament circuits have been omitted for the sake of clearness. 


C. W* Receiving Instrument Adjustments 

The average C.W. receiver should require little or no attention 
beyond changing valves when these fail, and the usual battery 
upkeep. 

The valves are not likely to be softened, and breakage of the 
filament, due either to old age, over-burning or vibration are 
practically the only causes of failure in valves. 

If kept at their proper brilliance the average life of receiving 
valves should exceed 1,000 hours, and the life of the four-electrode 
valve, where used, will be many times this figure. 

After being in use for some time the filaments of these small 
valves are apt to become brittle, and the jar consequent on 
removing the valves from their clips or sockets and inserting 
them again is very likely to break their filaments. Therefore, 
when once the valves have been placed in their clips they should 
not be changed until they definitely fail. If the filaments are 
not bright enough the valve loses seriously in its powers of 
amplification, and in general practice valves should be worked on 
the lowest brilliance of filament which will give satisfactory results. 

It should be noted that this is the reverse of the case with 
the transmitting valves, which may never be used below full 
brilliancy. 

In addition to the above, the modern type of dull emitter valve 
after a time may lose its filament emission due to the loss of the 
active substance from the filament, often brought about by the 
use of excessive filament volts, or may become microphonic, i.e, 
susceptible to vibration and noisy, due to age causing the extremely 
thin filament to vibrate. 

Valves in which the filaments are heated by A.C. are becoming 
largely used in receivers. Whilst in general more efficient than the 

D. C. heated type, they are prone to other faults which need no! 
be discussed here. 
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Valve Receiver Faults 

As regards the localization of faults in receiving circuits let 
us assume that no noise is heard in the telephones when any 
of the valves are touched, or when the set is given a slight tap. 
If this is so, the possibility of any fault in the aerial circuit may 
be neglected, as a valve receiver should always be “ alive ’’ 
to valve noises, independent of incoming signals. 

As a first test make and break the H.T. circuit : clicks in the 
telephones should be heard. If this test is non-responsive, the 
telephones or H.T. batteries may be at fault, or the connections 
thereto out of order. If clicks are heard in the telephones,* each 
valve should be lightly tapped. These taps should cause that 
particular valve to respond, and a ringing noise should be heard 
in the telephones. If the telephones respond, all connections 
should be-checked for continuity of circuit in accordance with 
the wiring diagram of the set. 

If the external connections appear to be satisfactory a complete 
examination of those parts of the receiver itself which are likely 
to cause the symptoms noted must be made, as indicated in the 
following table. 

Symptom. Probable Cause. Uemedy. 


1. Tuning flat. 


2. No tuning. 


3. Oscillation. 


4 . No tuning but signals. 


6. Ticking heard in tele¬ 
phones. 


6. Breaking or blurring 
of speech or distor¬ 
tion of speech. 


Aerial Circuit. 

(а) Break in circuit. 

(б) A.T.I. faulty. 


(а) Aerial not con¬ 

nected. 

(б) A.T.I. broken or 
shorted. 

(c) Condenser shorted or 
leads to condenser 
broken. 

(a) May be due to bad 
earth connection or 
no aerial. 

Closed Circuit. 

(a) C.C.I. shorted turns. 
C.C.C. shorting or 
disconnected (6) as 
in 1(a) orl(fe). 

Detector Circuit. 

(a) Grid of detector free 
or making bad con¬ 
tact with G.N. 

(b) High jesistance in 

H.T. battery. 

G.N. value on detec¬ 
tor wrong. 


Check and repair earth 
circuit. 

Test for shorted turns 
on A.T.I., and resis¬ 
tance in stud 
switches and repair. 

Connect. 

Repair. 

Clean condenser or .j<nn 
leads. 

As in 1(a) or 2(a). 


Trace exact fault and 
repair. 

As in 1(a) or 1(b). 

Try new grid leak and 
check grid circuit. 

Change H.T. battery. 

Adjust to give good 
results. 
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Symptom. Probable Cause. Remedy, 


7- Signals build up and 
then fall off at 
regular intervals. 


8, Uncontrollable re¬ 
action. 


9. No reaction. 


10. No magnification. 


11. Ticking heard in tele¬ 
phones. 


12. Howling independent 

of tuning or reaction 
coil position. 

13. Receiver unstable, 

prone to break into 
oscillation when ap¬ 
parently not on re¬ 
action point. 


14. Signals weaken after 
short period. 


Break in grid circuit. 


Reaction Circuit. 

(a) Reaction coil or con¬ 
denser wrong. 

(b) H.T. volts too high. 

(c) As in 5{b^. 

(d) As in l(<i) or 2(a). 

(a) Reaction coil shorted. 
{b) Reaction condenser 

disconnected. 

(c) H.T. volts too low. 

Note Magnification Faults. 

(а) Bad valves. 

(б) Wrong value of G.N. 

(c) Transformer winding 

broken. 

(d) Transformer winding 

connected in wrong 
way. 

{e) As in 5(6). 

As in 10(6). 

(g) L.F. reaction due to 
wrong disposition 
of apparatus 

(а) As in 10(c). 

(б) As in 5(a). 

General Faults. 

li.F. transformer 
primary winding re¬ 
versed, causing L.F. 
reaction. 

Faulty connections or 
high resistance in 
H.T. circuit or 
faulty condenser 
across H.T. battery 
or slightly varying 
current in L.T. cir¬ 
cuit. 

L.T. battery failing. 
H.T.battery failing. 


As in 5(a). 


Check wiring, and sense 
of reaction coil. 
Reduce. 

As in 5(6). 

As in 1(a) or 2(a). 

Test and repair. 

Test and repair. 

Replace H.T. battery. 


Replace. 

Adjust. 

Test and replace. 

Reverse secondary con¬ 
nections. 

As in 5(6). 

As in 10(6). 

Turn loudspeaker(if any) 
away from set. If 
separate units are 
employed, separate 

As in 10(c). 

As in 5(a). 


Reverse leads connected 
to primary ter¬ 
minals. 

li^xamine H.T. supply 
and all joints. Also 
examine valve 
socket connections. 
Overhaul H.T. con¬ 
denser. 


Test battery with volt¬ 
meter. Add several 
dry cells to H.T. 
battery. 


Useful Hints 

All spare parts should be kept in a good condition. It is 
not advisable to keep instrument spares such as condenser coil 
and transformer windings amongst a number of heavy coach 
screws and tools. 

A little care might be exercised in the maintenance of the 
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repair outfit, as repairs are much more easily carried out when 
good tools are available. 

Remove all fuses when in port, as this is an effective way of 
preventing unauthorized and incompetent people from working 
the gear, should they obtain admission to the room in the operator’s 
absence. 

Keep all bare copper leads clean and bright. Do not try 
any such labour-saving devices as paint or enamel. 

Do not be afraid of drawing attention to a leaking cabin. 
Nothing is so conducive to bad working as wet and dirty apparatus. 

The spark discharger should not be neglected. Keep the 
electrodes clean and smooth. 

After a prolonged run, be careful to see that no part of the 
apparatus has become unduly heated. Careful attention to this 
advice may lead to the detection of an incipient fault, and may 
prevent a serious fire taking place. 

Use your nose as well as your eyes and ears to detect signs 
of burning or undue heating from electrical leakage, bad con¬ 
nections, and so on. Never leave any such symptom unaccounted 
for or unremedied. 

Never put in the main switch before ascertaining that the 
handle of the starter is on the “ off ” position. 

When working with a strange or new set of apparatus, examine 
the high tension and oscillatory circuits before closing the switch 
of the A.C. board. 
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AccuMULATon, action of, ijt 

-buckling of plates of, 59 

-character of, 61 

-charge and discharge of current 

for, 55, 6.3 

-charging of, 56 

-chemical equation of, 54 

-commercial lead, 53 

-discharging of, 58 

-for ship wireless use, 63 

-gassing of, 58 

-growths on plates of, 60 

-local action in, 60 

-management, 60, 649 

-nickel iron, 61 

-simple, 52 

-sulphating of, 59 

Aerial adjustment in direction find¬ 
ing, 502 

-crossed loop, 497 

-detuning, 201 

-dipole arrays, 247 

-directional effect of, 246 

-distribution of energy from, 245, 

259 

-distribution of current and 

voltage in, 229 

-excitation of dipole, 231 

-fitting, 242 

-frame, 246 

-frame-type 354 N and 354 NA, 

518 

-inductance, capacity and resist¬ 
ance of, 244 

-insulators, 239 

-lifeboat, 239 

-Marconi, 223 

-Marconi beam, 253 

-phased, 232 

-practical points in design of, 235 

-radiation of energy from, 233 

-radiation of energy from simple, 

224 

-receiving, 235 

-reflector arrays, 251 

-screened lead to, 244 

-ship, 286 

-short wave, 462 

-tuned and aperiodic, 499 

-types of, 235 

--wave, 258 


Alternating current motors, 174 
Alternator inductor, 207 

-simple, 171 

-three phase, 173 

Amalgamation, 47 
Ammeter dynamometer, 115 

-hot-wire, 115 

--moving coil, 113 

-moving iron, 114 

-shunted, 116 

Amperes rule, 70 
Amplification circuit, 285 

-factor, 284 

-high frequency, 285 

—— into telephone circuit, 287 
Amplification stages ; 

-Methods of coupling, 423 

---n.F. resistance coupling of, 

427 

-H.F. transformer coupling 

of, 424 

-H.F. tuned anode coupling 

of, 426 

-Low frequency, 427 

-I^.F. choke coupling of, 428 

—-- L,F. note filter coupling of, 

427 

--L.F. resistance coupling 

of, 429 

-L.F. transformer coupling 

of, 428 

Amplifiers, high and low frequency, 
423 

-fields of use of, 429 

Anode bend rectification, 288 
Armature, development of, 92 
Atom, 2, 40 
Atomic number, 40 
Atomic weight, 41 
Automatic volume control, 310 
-delayed, 313 

Battery, current action of, 43 

-maximum current from, 48 

-receiver, 63 

Buzzer circuit, 655 
-excitation by means of,657 

Capacity, quantity and voltage, 7 

-specific inductive, 8 

-of conductor, 9 
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Capacity, of plate condenser, 10 

-resistance added to A.C^ circuit 

containing, 140 

-in A.C. circuits, 162 

Cell, arrangement of, 47 

-dry, 46 

-Leclanch^, 45 

-local action in, 47 

-voltaic, 19 

Charge, positive and negative, 1 
Chemical constants, 41 
Chemistry, electronic bjisis of, 40 
Circuit breakers, 126 
Commutation, 90 
Condenser, 5 

Condensers, A.C. charge and dis¬ 
charge of, 143 

-arranged in parallel, 10 

:-arranged in series, 10 

-D.C. charge and discharge of, 

142 

-high voltage, 15 

-hydraulic analogy of, 21 

-leading current in, 144 

-power factor of, 156 

-telephone, 13 

-types of, 12 

-variable air, 14 

Conductors and insulators, 3 
Continuous wave transmission and 
reception, 296 
Converter, rotary, 100 
Co-ordinates, 32 
Coupling and radiation, 200 

-close and loose, 191 

-coefficient of, 194 

-percentage or degree of, 196 

Crystal, carborundum, 269 

-detectors, 268, 271 

Current, alternating, 140 

-definitions, 158 

-maximum value of, 149 

-potential difference and resist¬ 
ance, 22 

-Ohm’s Law and alternating, 160 

-pulsating, 91 

-root mean square value of, 147 

Curve plotting, 33 

Damped waves, 197 

-reception of, 286 

Damping, 188 

Decrement, logarithmic, 188 
Delta connection, 174 
Depth sounding, 320 
Dielectric stren^h, 8 
Dielectrics, 5 
Differential coefficient, 

Diode characteristics, 279 

-rectification effect in, 279 

Dipole aerial 2 \ above earth, 255 


Direction finder : 

-errors in, 519 

-Marconi Bellini Tosi, 498, 

521 

-Marconi type 359, 505 

'-Marconi type 379, 507 

--Marconi type 579, 512 

--principles of, 494 

-purpose of, 494 

-R.C.C. type RA.70/77, 523 

-Siemens type SB.25, 529 

-Siemens type SB.75, 528 

*-Siemens type SB.85, 528 

-Siemens type SB.95, 528 

— -Siemens type SB.99A, 530 

-Siemens type SB.139, 530 

--Siemens type SB.149, 532 

Direction of transmitting station, 
taking, 519, .540 

Distance of transmitting station, 
finding, 535 
Distortion, 432 
Distress call apparatus, 571 

Marconi Auto Alarm Type 
“ M,” 571 

Interrupter valve oscil¬ 
lator type 535, 581 
Receiver type 700, 573 
Selector type 701, 575 
Siemens auto alarm : 

Eleetrical selector, 588 
Mechanical selector, 584 
Siemens type SB.218, 591 
Ducter, 122 
Dynamo, 93 

Earth reflection effects, 254 
Echometers, 322 

-Marconi magneto striction, 336 

-Marconi types 414, 421, 424, 

326 

Eddy currents, 78 
Edison effect, 279 

Electric circuit, hydraulic analogy of, 
20 

Electricity, current, 3, 18 

-dynamic, 18 

-frictional, 1 

-static, 3, 18 

Electrolyte, 42 
Electromagnet, 72 
Electrometer, quadrant, 116 
Electron, 2, 40, 278 
Electrons, emission of, by • heated 
filament, 278 

Electroscope, the gold leaf, 4 
Electrostatics, 8 
Elements, chemical, 2, 40 
Emergency apparatus, 602 

---generator, 606 

-interrupter type 144, 603 
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Emergency apparatus, spark gap, 605 

-Marconi transmitter type 

335/F, 608 

-Marconi transmitter type 

558, 606 

E.M.F., alternating, instantaneous 
value of, 157 

E.M.F. phase difference between 
current and, 158 
Equations, chemical, 42 

Filters, 429 

-band pass, 432 

-high pass, 431 

-low pass, 430 

-use of, 433 

Flemings rule, 87 

-valve, 279 

Frequency meter, 122 
Function, 37 
Fuses, 139 

Galvanometer, 70 

-ballistic, 118 

-d’Arson val, 112 

Generator, care of, 650 
Great circle distances, 541 
Grid leak rectification, 289 

Harmonics, 275 
Heptode, 309 
Heterodyne reception, 29S 
Hydrometer, 55 
Hysteresis, 75 

Inductance, 81 

-coefficient of mutual, 177 

-experimental proof of, 82 

-in A.C. circuits, 160 

-lagging current in, 146 

-mutual, 193 

-of solenoid, 85 

-resistance added to A.C, circuit 

containing, 146 

-unit of, 84 

Induction coil, 77 

-electric, 4 

-electromagnetic, 75 

-motor, 175 

Inertia, 80 

Insulators, aerial, 289 

-and conductors, 3 

-switchgear, 128 

Interrupted continuous wave trans¬ 
mission, 294 
Ions, 42 

Key, manipulating, 209 
Kircholf's laws, 29 

Lenz's law, 88 
Leyden jar, 5 


Lifeboat set: 

-Marconi transmitter type 

241 .C, 593 

-Marconi receiver type 818, 

594 

-R.C.C. type PS.17, 598 

-Siemens, 601 

Lodestone, 65 . 

Log curve, 35 

Magnetic field, 69 

-current associated with, 70 

-:— conductor rotating in, 87 

-lines of force, 67 

-permeability, 68, 72 

-retentivity, 74 

-saturation, 74 

Magnetisation, cycle of, 74 
Magnetism, law of, 65 

-terrestrial, 69 

-theory of, 66 

Magneto striction, 321 
Magnets, artificial, 65 

-attraction and repulsion of, 67 

-deflection of by electric current, 

70 

Mass velocity and acceleration, 80 
Matter, ultimate particles of, 1 
Maxwell’s corkscrew rule, 71 
Measurements, A.C. power, 154 

-current, 112 

-need for, 112 

-potential, 116 

-power, 122 

-resistance, 118 

Megger, 121 

Modulation, anode or choke control, 
318 

-grid, 317 

Motor, electric, 93 

-direction of rotation of, 96 

-no-volt release for, 98 

-overload release for, 99 

-speed regulation of, 96 

-starting arrangement for, 

98 

-generator, 99 

-for ship sets, 108 

Neutron, 2, 40 

Oscillations, circuit conditions to 
produce, 189 

-continuous, 290 

-number per train of, 189 

Oscillating circuit, 187 

Pendulum, and sine curve, 141 

-conical, and simple harmonic 

motion, 140 
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Pentode, 307 

-double diode, 313 

Phase difference, formulae, 165 

-in circuit containing 

capacity, 166 

-in reactive circuits, 163 

-with inductance, resistance 

and capacity in series,! 67 
Piezo electricity, 320 
Polarization, 44 
Potential, calculation of, 28 

-difference, 22 

--slope, 25 

Potentiometer, 26 
Power factor, 155 

Power supply, wireless equipment, 
348, 358 

-transmitter rectifier, 349 

-receiver rectifier, 359 

Propagation, governing factors in 
Wireless, 258 
Proton, 2, 40 

Quantity, capacity and voltage, 7 
Quenched gap only used with coupled 
circuit, 202 

Quenching and coupling, relation 
between, 200 

Radiation, effect of earth curvature 
on, 256 

-interference pattern, 250 

Radiogoniometer, 497 
Receivers ; 

-broadcast, 553 

-Marconi type 712 and 713, 

553 

-Marconi type 597, 557 

-classification jof marine, 422 

-Marconi type 372 (S.W.), 484 

-Marconi type 521 (S.W.), 487 

-Marconi type No. 4, 434 

-Marconi type 226, 434 

-Marconi type 227, 43(» 

-Marconi type 229 (long wave 

adaptor), 437 

-Marconi type 352/a, 438 

-Marconi type 357 (heterodyne), 

440 

-Marconi type 374 (high- 

frequency amplifier), 442 

-Marconi type 358 (note filter), 

444 

-Marconi type 560, 447 

-Marconi type 596, 450 

-Marconi type 780, 458 

-requirements for tuning, 423 

-Siemens type SB.83, 456 

-Siemens type SB.173, 457 

-Siemens type SB.183, 460 

-valve and crystal, 484 


Receiving circuit, 267, 422, 659 

-coupled, 275 

-intermediate, 277 

Rectification, A.C. power, 340 

-full wave valve, 351 

-half wave valve, 349 

-mercury arc, 354 

-metal rectifier, 354 

-selenium, 355 

-three phase, 354 

-voltage doubling, 353 

Rectifier, full wave type 752/A, 350 

-for I.C.W. output, 356 

Relay, magnetic type 556, 383 
Repulsion motor, 176 
Resistance, 19 

-and physical properties of con¬ 
ductors, 23 

-combinations of, 24 

-current and potential difference, 

in, 22 

-networks, 29 

-in A.C. circuits, 151 

-in parallel, 28 

-in series, 28 

-radiation, 233 

Resonance, in coupled circuits, 192 

-curves, 193 

-parallel, 169 

-series, 168 

Retro-action, 290 

Saturation current in valve, 280 
Scalar and vector quantities, 31 
Sine curve, 34, 89 

Skip distance and multiple echoes, 263 

Smoothing circuits for rectifiers, 355 

Solenoid, 71 

Solution, saturated, 46 

Sound reproducing equipment, 543 

--Marconi type 566/lOOB, 

544, 569 

Marconi type 566,80A, 547, 
568 

Marconi type 566/25R, 
567 

--broadcast receivers, 

553 

-gramophone reproduc¬ 
ing equipment, 552 

-loudspeaker type 

24460D, 549 

-microphone type 

PM.201, 551 
Space charge, 281 
Spark circuit, quenching in, 198 

-simple, 190 

Spark gap, quenched, 198 

-open or plain, 203 

-non-synchronous, 204 

-synchronous rotating, 204 
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Spark transmitter, maintenance of, 
653 

Spring, strip, 141 
Star connection, 174 
Superheterodyne reception, 301 
Super-regeneration, 302 
Switch board : 
care of, 651 

Marconi battery charging, 130 
type BS.31/A, 131 
type 242/D, llil 
type 554, 134 
Siemens type SB.68, 135 
Siemens type SB.190, 139 
Switches, 126 
Switchgear, 126 

-circuit breakers, 126 

-relay switches, 128 

Synchronous motor, 175 

Telephones, 272 

Telephony, valve, aerial control, 316 

-choke or anode control, 318 

-grid control, 317 

Testing, general notes on, 651 
Transformers, copper loss in, 182 

-ciricieney of, 183 

-energy in, 179 

-equivalent capacity or, 180 

-equivalent current or voltage in, 

179 

-for ship use, 184 

-iron loss in, 183 

-operation of, 77 

-on non-inductive load, 181 

-open circuit vector diagram of, 

180 

-ratio of, 178 

-rotary, 110 

Transformer, rotary type 950, 358 
Transient, current in circuit contain¬ 
ing inductance, 166 
Transmitters ; 

General notes on R.C.C., 216 
Short Wave 

Marconi type 550, 465 
Marconi type 550/386/a, 473 
Marconi type 550/b, 474 
Marconi type 398/381, 478 
Marconi type 376, 478 
Marconi type 377 rectifier, 484 
Siemens type SB.86/C, 490 
Siemens type SB.186, 491 
Types of spark, 205 

Marconi type 341,205,208,209 
Marconi type 869,206,209 
R.C.C. type T.20, 214 
R.C.C. type T.24, 215 
Siemens J kW, 218 
Valve, 362 


Transmitters: 

Marconi type MC.6, 362, 416 
Marconi type MC.8A, 867 
Marconi type MC.13/A,868,417 
Marconi type 887/8/0, 870, 419 
Marconi type 380A, 874, 418 
Marconi type 381, 877, 417 
Marconi type 538/4, 880, 420 
R.C.C. type T.29, 385 
R.C.C. type T.22, 389 
R.C.C. type TA.35, 391 
R.C.C. type T.32, 392 
Siemens type SB.Sl, 396 
Siemens type SB.172, 808 
Siemens type SB.192, 809 
Siemens type SB.202, 403 
Siemens type SB.302, 400 
Siemens type SB.402, 403 
Trawler apparatus, 611 

Marconi transmitter type 517/8, 
612 

Marconi transmitter type 617M, 
617 

Marconi transmitter type TW.12, 
617 

Marconi transmitter, type 527/8, 
619 

Marconi transmitter tyi>e 727, 
626 

Marconi direction finder type 
542/538, 629 

Marconi direction finder type 
537/8, 633 

Marconi direction finder type 
527A/552, 638 

Marconi direction finder type 
542/552, 636 

Marconi receiver type 394/A, 638 

Marconi receivertype394C/12/30, 
. 645 

Siemens trans./receiver type 

SB.322/A, 645 

Siemens trans./receiver type 

SB.422, 647 
Triude, 281 

-characteristics of, 282 

-double diode, 311 

-hexode, 309 

-rectification by, 288 

Tuning, 274 

Valve theory, 286 

Valves, as current limiters, 300 

-as generator of continuous 

waves, 291 

-data on, 319 

-midget, 313 

-oscillating, 292, 316 

--coupled to aerial, 293 
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Variable, 38 
Variometer, 85 
Vector diagram, 150 
-of A.C. inductive resist¬ 
ance circuit, 151 

-of A.C. capacity resistance 

circuit, 151 

-for accumulator under 

charge, 151 

-for circuit containing L, 

R and C, 152 

-for D.C. circuit, 150 

--of dynamo E.M.F., 153 

-quantities, 31 

-operations with, 35 

“ Vertical ” effect, 500 
Vibrator power supply, 358 

-unit, type 889, 361 

Voltage regulation, 129 
Voltmeter, dynamometer, 118 

-electrostatic, 117 

-milli-, 118 

-moving coil, 118 

-moving iron, 118 


Watt, virtual, 149 

-power factor and true, 149 

Watt-hour meter, 124 

-meter, induction, 124 

Wattmeter, 123 
Wavemotion, 219 

-in water, 220 

Waves, ether, 222 

-production of, 228 

Waves, long, 261 

-polarization of, 227 

-short, 262 

-ultra short, 264 

-range of, 264 

Wavelength, 194 

-of coupled circuits, 195 

-velocity and frequency, 221 

Wavelengths, allocation of, 284 
Wavemeter: 

Marconi type MG.1C, 406 

Marconi type 717, 407 

Marconi type 718, 409 

Marconi type 595, 410 
Wheatstone bridge, 119 

-post office, 120 

-slide-wire, 120 
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